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PKEFATORY NOTE 



After the field work of the area conaidered in thiB bulletin, 
was well under way, an outline of the geology was presented to 
the Professors of Geology of Yale University where Professor 
(I'rawford had done the required resident graduate work for tbe 
degree of Doctor of Philosophy. The Yale professors agreed that 
the problems involved in a correct interpretation of the geology 
of the region were well suited to form the basis of a thesis for 
the degree. The solutions of the problems undertaken, and the 
interpretation of the geology of the region are embodied in the 
present report which has been approved by the Professors of 
Geology of Yale University as a suitable thesis to be presented 
in candidacy for the degree of Doctor of Philosophy. It will be 
submitted to_the Graduate Faculty of Yale University at a later 
date. 

In preparing this report Pi-ofessor Crawford has, at his own 
expense, done much work not included in the plans of ttie 
Geological Survey. This has added greatly to the value of the 
report, and has cost the State nothing. Among other things, 
several costly analyses were added, and a great deal of office and 
laboratory work was done to perfect the report. 



, D. GEORGE, 
State Geologist. 
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GEOLOGY AND ORE DEPOSITS .■;; 

OF THE ..•' 

MONARCH AND TOMICHI DISTRICtS.---.-. 
COLORADO '■>::■: 

INTRODUCTION 
FIELD AND OFFICE WORK 

The topographic and geologic maps of the Monarch and 
Tomichi districts were made in the summers of 190t) and 1!)10, 
bj a single party which spent a little more than five months in 
the field. The topographic maj>ping was done by P. G. \\'orcester, 
K. C. C3offln, R. M. Butters, and G. B. Warner. Messrs. Worcester 
and Coffin were engaged in this work during the greater part of 
the two Beasons. Messrs. Butters and Warner were in the party 
one season each. The primary control was taken from the Hayden 
triangnlation sheet. Mount Ouray, Hayden's station Mo. 1, and 
a sharp peak about six miles northwest of Hunts Peak are 
stations outside of the area mapped that were occupied. The 
topography along the Bouth Arkau&as was controlled by the rail- 
road map which was tied in by triangulation. Traverse plane- 
tables with open-sight alidades were used in both triangulation 
and traversee. The elevation of points on the railroad was talen 
from the official railway map and profile. With these elevations 
for reference, other elevations were determined by means of 
aneroid barometers. It is too much to hope that, with the instru- 
ments used, there are no errors in the topographic map. How- 
ever, the errors of triangulation were kept as low as possible by 
the occupation of all the high points in the area mapped, of 
which there are many, and by numerous intersections. It is not 
probal)le that many of the contours are in error more than two 
contour intervals. While the map may thus be slightly in error 
quantitatively, it is qualitatively accurate. 

The traverses of the several topographers were combined and 
the complete topographic map prepared for the engraver by 
Mr. Worcester, 
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The geoi(^vf. mapping closely followed the topographic map- 
ping, and va8''6one chiefly by the writer who was assisted a few 
weeks by;'Mr. Butters and several days by Messrs. Coffin and 
Worce6j^m^"*lien time could be spared from topographic mapping. 
In ordec.'to get further evidence on local problems that had not 
been solved, to collect fossils, and to see the latest mining devel- 
opni^ts, two weeks in 1911 were spent in these districts with 
,4|r:'Wamer and a week in 1912 with Mr. Butters. 
;'.*-.*'' Professor Junius Henderson identified the fossils collected 
,,bnd determined the age of the fosail-bearing strata. Mr. Butters 
made the assays recorded in this bulletin where not otherwise 
credited. The necessary drafting for the report was done chiefly 
by H. C. Woods and K. M. Kayden. The plans and sections of 
mines and sections of ore bodies are reduced from drawings made 
by the engineers of the mines thus represented. 
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The fleld party received much valuable assistance from the 
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by Mr. A. Eilers. Messrs. O. H. Aikinc, F. P. Black, and 
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petrography, for suggestions as to the general form of the report, 
and for criticisms; to Professors Joseph Barrell, J. D. Irving, 
and Charles Schuchert, of Yale University, for suggestions and 
criticisms; and to Professor R. D. George who, as Director of 
the Survey, has imposed no irksome restrictions, yet, on request, 
has generously given his opinion on many points. If, in this 
report, erroneous conclusions are drawn, the writer is alone 
responsible. 
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GEOGRAPHY OF THE MONARCH AND T0M1CHI DISTRICTS 
The Monarch miDing district is in tlie southwestern part of 
Cliaffee County, Colorado, on the east slope of the Bawatch 
Range whose crest forms a considerable length of the Continental 
Divide. The Toinichi district, in GuoDison Countj. joins the 
Monarch district on the west and is on the west slope of the 
range. The tract surveyed has an area of 120 square miles. That 
part east of the divide, 94 square miles, is all in the Monarch 
district excepting a small area at the head of Pomeroy and 
Grizzly gulches, which lies in the Chalk Creek mining district. 
The Monarch district is commonly understood to extend 
much farther south and southeast than the limits of the accom- 
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panying maps. Little development work has been done in the 
unmapped area, though at Fass Creek, several miles southeast of 
Ma^-Bville, a small amount of gold was found, and a group of 
prospects south of Greens Gulch lias produced a few tons of ore. 
The Tomichi mining district, as mapped, covers 26 square 
niilefi. This includes all the producing area of the district, 
although a little prospecting has been done farther west. The 
oiiaeralized zone extends north into the Qusrtz Creek district 
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which joinB the Tomichi district along the divide at the bead of 
Tomichi Greek. The Brittle Silver mioe just north of tliix Louud 
ar; has produced considerable high-grade ore. 

The population of the two districts has been small for sevei-al 
jeara past. In the Monarch district are the permanent villages 
of UajBville, Garfield, and Monarch. In the summer of 1911 
there were perhaps thirty people in and near Shavano, and some- 
what fewer in 1910. When the North Fork valley was visited in 
1912 fihavano was practically deserted. Whitepine and North 
Star are the only inhabited villages in the Tomichi district. The 
former town of Tomichi is now deserted and but few buildings 
remain; many were razed by a suowslide several years 
ago. Monarch, Garfield, and Maysville are on a branch of the 
Denver and Rio Grande railroad. A mixed train runs to Monarch 
daily from Balida which is distant about 20 milea. Garfield ia 
also reached by tri-weekly stage, over a good wagon road, from 
Salida. A daily stage runs from Sargents, on the Denver and Rio 
Grande railroad, to Whitepine, a distance of about 12 miles. In 
the aammer the Tomichi district is also accessible from Monarch 
by way of the Monarch Pass wagon road and a trail across the 
range north of the pass. 

OEOGRAPHIC NAMES 

Nearly all the geographic names used in this bulletin are 
local names in common use. In our preliminary report the name 
Syncline Hill wa$ applied to the hill north of Monarch, and iu 
the present report the peak capped with volcanic breccia is called 
Vulcan Mountain. Except a few names to designate certain 
faults and Paleozoic formations no other new names are proposed. 

LITERATURE AND PREVIOUS GEOLOGIC WORK 
The published accounts of the geology of the Monarch and 
Tomichi districts are few and brief. Several references to indi- 
vidual mines and output may be found in annual reports of the 
Director of the Mint; in various volumes of Mineral ReBOunies 
of the United States, published by the United States Geological 
Survey ; in the reports of the State Geologist and of the Colorado 
Bureau of Mines. Ore was not discovered in either district until 
after the work of the Hayden Survey, in Colorado, was completed, 
and it appears that the geologists of that organization passed 
over the r^ion somewhat hurriedly. The Hayden map xhows no 
Paleozoic sediments in the area covered by the present survey 
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excepting a atrip south of the Bouth Arkansas near Maysville. 
The areal extent of the existing sediments in thia locality is 
greatly exaggerated on the Hajden map. The pre-Pleistocene 
rocks are mapped chiefly as metamorphic granite with small areas 
cf trachorheite on and near the crest of the range. 

Several chapters in the Hayden reports disease the Arkansas 
valley and the broader features of the Sawatch Range; theee 
chapters are listed below. In 1885, Geoi^ H. Eldridge of the 
United States Geological Survey, examined the Madonna mine 
and surroundings, but his report was not published. In 1905, 
Van Hise and Leith visited the iron-ore deposits near Whitepine. 
A geologic map of these deposits and surroundings was made by 
Harder and Ward in li)0«. In 1908, Whitepine and other mining 
tamps of Bouthoastem Gunnison County were visited by J.M.Hill. 
The published reports of these geologists of the United States 
Geological Survey, with other writings which have a direct or 
indirect bearing on the geology of the area under consideration 
are listed below. 
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TOPOaSAPHY 

The region iB one of high relief, baving a vertical range of 
about 6,000 feet. The lowest point, at an elevation of about 
8,200 feet, is on the South Arkansas, at the eAst border of the 
area mapped. Shavano Mountain reaches the greatest height, 
wbicb the Hayden Survey gave as 14,230 feet. Mountains having 
an altitude of 13,000 feet, or more, are: Bald, Calico, Carbonate, 
Clover, Cyclone, Etna, Grizzly, Monumental, Pomeroy, Taylor, 
Van Wirt, and Vulcan, besides several which have do names 
known to the writer. 

■ Since a considerable part of the region is above timber-line 
and without protective vegetation, many of the peaks and ridges 
have very steep slopes, more or less covered with sharply angular 
sliderock. At the east border of the Monarch district, north of 
the South Arkansas, the slope is gentle and grades into tbe nearly 
level uplands of the Arkansas valley. (See PI. XVII, A, and topo- 
graphic map.) 

Though the relief of the region is high, eroBion has removed 
a great quantity of material. The Paleozoic strata of Middle 
Fork and Taylor Gulch, so tilted that they escape thinning by 
erosion, are certainly a mile thick, and very probably 7,000 feet 
thick. There is no reason to doubt that most of the region was 
once covered by sediments having at least as great a thickness as 
that of the strata mentioned. Hence erosion has probably re- 
moved at least 5,000 to 7,000 feet of sediments from much of the 
region, besides a considerable quantity of igneous and meta- 
morpbic rocks. This does not take into account possible Meso- 
■ zoic and Cenozoic rocks of which there is no record. 

The topography has virtually reached the mature stage, if 
the effects of temporary interference with stream-work by local 
glaciers be excepted. Yet in the upper parts of their courses the 
streams have a high gradient; rapids and small waterfalls are 
not uncommon. 
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STBEAKS AND SPBINOS 

Nearly all of the Mooarcb district is drained by Sonth 
Arkansas River and it8 tributaries, of whifh the most important 
are North, Middle, and South forks. Other streams of the South 
AAanaas sj-etem which flow throughout the summer are: 
Cyclone, Jennings, and Hunkjdory creeks, tributary to North 
Fork ; Hoffman and Kangaroo creeks and Lake Fork, tributary 
to Middle Fork; Foose, Greens, and Lost creeks, flowing into 
the South Arkansas. Browns Creek, which drains a small part 
of the Monarch district, empties into the Arkansas River near 
Ceuterville. A part of the rainfall on the slopes northeast of 
Sbavano Mountain finds its way to the Arkansas through Squaw 
Creek. Grizzly and Fomeroy creeks, heading just north of the 
northwest boandarj- of the Monarch district, are tributary to 
Chalk Creek, which flows, in the main, parallel to Browns 
Creek and also empties into Arkansas River. Tomichi Creek, 
which with its branches drains the Tomichi district, flows about 
fifteen miles southward from its source, thence west-northwest 
about thirty miles, and empties into Gunnison River at Gunnison. 
Tributaries of the Tomichi which flow throughout the summer are 
Canyon, Buckhorn, Fort Scott, Bobbins, and Galena creeks. 

While nearly all the streams mentioned are fed by surface 
waters from melting snows throughout almost the entire summer, 
many springs contribute a large volume of water throughout the 
year. Among the largest of these are the Monarch spring, one 
about half a mite east of Garfield south of the South Arkansas, 
the spring about three-fourths of a mile south of the saddle be- 
tween Missouri Hill and Lost Mountain, and the spring at the 
head of Spring Creek in the Tomichi district. Here might also 
be mentioned the lai^ stream which issues from the Page tunnel 
in Taylor Gulch. This stream does not come from a spring, 
strictly speaking, but from a watercourse which was tapped by 
the tunnel. 

Many of the creeks head in glacial cirques, where they are 
fed in the summer by melting snow. Lower in theit course they 
flow in U-shaped valleys or canyons which have been scoured by 
glaciers. Marks of the moving ice may still be seen in places on 
the canyon walls of Browns Creek and North Fork, as high as 
600 feet above the creek beds. 
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CLIMATE AND VEQETAIIOIT 

The summers are short and cool ; snow is likely to fall on the 
high mounfalns at any time. The summer snow is, of course, 
soon melted, but not in every summer is the heat sufficient to 
melt all the accumulated snow of the previous winter. There 
is but little uniformity in the precipitation from month to month, 
but the annual precipitation is generally considerable. 

District Forecaster F. H. Brandenburg of the Denver fore- 
cast district, has kindly furnished the record, kept by the United 
States Department of Agricnlture Weather Bureau, of the pre- 
cipitation at Garfield for the years of 1910 and 1911, and at 
Marshall Pass from 1900 to 1011, inclusive. The annual precipi- 
tation at Garfield in 1910 and 1911 was 17.61 inches and :!<i.3l 
inches, respectively. In 1910 the greatest precipitation for one 
month was 2.33 inches, in February. In 1911 the greatest pre- 
cipitation in a single mouth was 4.63 inches, in July, At Mar- 
shall Pass the precipitation in July, 1911, was 5,98 inches. The 
precipitation at Marshall Pass for the year 191]r was 18.70 inches. 

The soil in the alluvial valley bottoms near and below Mays- 
ville and just south of the soutli border of the mapped area in 
the Tomichi district is fertile and produces good crops of hay, 
grain, and v^etables. Small fruits and, at times, apples are 
successfully grown in the South Arkansas valley. Although good 
native grass grows both above and below timber-line in many 
parts of the region, there are many barren tracts. 

Formerly pine, spruce, and fir covered most of the high slopes 
below timber-line, but much of the timber has been removed. A 
few restricted areas— such as parts of the valleys of Browns 
Creek, North Fork, and Middle Fork — are still densely forested ; 
but the renewal of a demand for timber, such as existed in the 
eighties, would soon exhaust the supply in the immediate vicinity 
of the mines. 

GLACIATED ABEAS 

Not only in the districts surveyed, but also both north and 
south of these districts, glacial -cirques are common near the 
crest of the Sawatcb Bange, In the mapped area most of the 
valleys heading near the Continental Divide, and a few heading 
OD the slopes of high mountains some distance from the divide, 
have been glaciated. 

Local glaciers heading, respectively, near Agate Pass south 
tf Monarch, south of Bald Mountain, south of Clover Mountain, 
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on Cbalk Creek Pass, at tbe head of HoffmaD Park, on the south 
elope of Taylor Mouatain, and near the source of Foose Greek, 
nnited to form one of the largest glaciers of the Monarch dis- 
trict. This glacier was joined at Maysville by another large 
glacier formed by tbe seyeral branches heading, respectively, in 
Hunkydory Gulch, nortb-northveBt of Mount Etna, near Pom- 
eroy Mountain, near Grizzly Mountain, and in Jeunings Gulch. 
The course of another large glacier cau be traced in Browns 
Gulch from the slope of Cyclone Mountain to tbe mouth of the 
canyon and perhaps farther. Small glaciers existed in tbe valley 
of Bquaw Creek, on the southeast slope of Bhavano Mountain, 
and at Cree Camp. 

The former glaciers of the Tomichi district cannot be so 
easily traced. There are, however, evidences of glaciation from 
Tomichi Pass and the slopes of Granite Mountain along the To- 
michi valley as far as it has been mapped. Thar tbe glacier which 
moved down this valley was of considerable thickness and extent 
is shown by thCi presence of numerous boulders of the Etna 
porphyry high on the slopes south of Whitepine. Traces of a 
glacier may also be seen near the source of Oanyon Creek. In 
the Chalk Creek district, Grizzly, Pomeroy, and Chalk Creek 
gulches have been glaciated in their upper part. 

EFFECTS OF QLAdEBS 

The glaciers mentioned have been important as a physio- 
graphic and geologic agent in four ways, namely: (1) in planing 
down and reducing irregularities of surface; (2) in gouging out 
rock basins, thus increasing tbe surface irregularities; (3) in 
forming morainal lakes and rough-and-tumble morainal topog- 
raphy; and (4) in the formation of the high terraces, which are 
designated fluvio-glacial on the geologic map which accompanies 
this bullettn. . 

PLAN ATI ON 

Results of glacial planation may be seen in nearly all the 
cirques and valleys in which the glaciers moved. In most places 
the originally polished surface has been dulled by weathering 
and rarely retains glacial striff. Under these conditions the 
effect of former glaciers is seen principally in the rounded or 
planed surface of the rock». Good examples of glacially rounded 
forms, roches moutonn^s, are found near tbe creek in the granite 
area east of Garfield. But glacial abrasion has not been confined 
to the bottom of the moving ice-mass. Locally in Browns Gulch 
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and Xorth Fork the oaDvon walls at least 600 feet above the 
stream-bed are so smoothed that the sunlight is conspicuoasly re- 
flected from them. Since the canyons were without doubt ma- 
terially deejiened by glacial erosion, it is not known that this 
abrasion was eflfected synchronously with that of the present bot- 
toms of the canyons. ^Nevertheless, the high terraces described 
farther on indicate that the glaciers were several hundred feet 
thick. 

In a very few known localities in the valley bottoms, where 
soil or debris has evidently overlain the glaciated rocks, stria- 
tions and a beautiful polish ha%'e been preserved. One of these 
examples may be seen in the Korth Fork valley below Shavano, 
where soil was removed when the wagon road was made or re- 
paired. Larger visible areas in which the rock surface still re- 
tains ao excellent polish are found in the granite and granite 
porphyry exposures south of Browns Creek. 

ROCK BASINS 

One of the best examples of glacial gouging in this region is 
the rock basin occupied by Boss Lake (PI. VI). The granite sur- 
face extending from the lake to the crest of the range, though 
glaciated, probably did not suffer great reduction. The low ridge 
east of the lake and the outlet were severely abraded, although 
the rock, having been metamorphosed, is very resistant. Yet the 
weight of ice per unit of area, owing to the eastward-narrowing 
of the channel, was sufficient to make the glacier here a power- 
ful agent of erosion. While the depth of the water has been in- 
creased by an artificial dam, the natural depression is much be- 
low the level of the surrounding walls. Olacial gouging was 
unusually effective here, perhaps because of mineralization along 
the fault which underlies the lake. The postulation of any con- 
siderable body of mineral under water, where its existence or non- 
existence can be proved only with difflculty, if at all, may provoke 
incredulity, or even a smile, on the 'part of the reader; yet the 
supposition is supported by the evidence of much iron sulphide 
east and north of the lake, as well as much magnetite and a little 
galena just east of the lake. 

Other lakes and lakelets whose basins were gouged out by 
glaciers are to be seen near the source of Chalk, Pomeroy, and 
Grizzly creeks and North Fork, as well as near the crest of the 
range west of Monarch and west of Boss Lake. These basins are 
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generally ahallow, but the depth of several of them is iocreased 
bj morainal damming at the outlet side. Thus nearly every lake 
and lakelet in the r^on owes its origin to glacial action. 

MORAINES 

Moraines aie very common in the region ander considera- 
tion, hat each covers only a small area. Those greatest in areal 
extent are sho^n on the accompanying geologic m&p. Most of 
the smaller ones, as well as those which are ao thin that they do 
not cover the bedrock continuously, and those which border the 
credts in valleys where the kind of bedrock underlying the mo- 
raines is ascertainable from the surroundings with a reasonable 
degree of certainty, are not represented on the map. These could 
be shown only at the cost of much time in the field, and would 
add little or nothing to the value of the map for the intended 
purposes. 

In general, the moraines are probably of comparatively slight 
thickness. Many have been crossed by prospect shafts fifteen to 
thirty feet deep. The greatest known thickness is found jnst west 
of Monarch, where the moraine is fifty-six feet thick, as detw- 
mined in a shaft sunk by the Monarch Contact Mining, Milling & 
Development Company. 

The surface of the moraine^ is very uneven; a few depres- 
sions are so deep as to hold water permaneDtly. As examples 
of morainal lakelets, those below Cree Camp may be mentioned. 
The morainal material is largely made up of snbangular boulders 
of nearly all the Igneous rocks of the region. Finer material, 
while generally present, is not conspicuous at the surface of most 
of the moraines. Locally, as in the valleys of Middle and Lake 
forks, there has accumalated, on the morainal surface, consider- 
able soil, which supports a heavy growth of timber. 

Among the largest moraines are those, respectively, in the 
vicinity of Monarch, in Middle Fork and Lake Fork valleys, along 
the creek below Cree Camp, in the canyon of North Fork, east 
of Sbavano Mountain, and on both sides of Foose Gulch. Most 
of the moraines are in valleys, but a few occupy ridges or high 
slopes. Perhaps the best example of a moraine-covered ridge is 
that south of Foose Gulch. West of Fooee Gulch are large mo- 
rainal patches on the steep slope several hundred feet above the 
cre^-bed. The small ridge about 700 feet above the creek-bed and 
oue-qnarter of a mile northeast of Garfield is capped by moraioal 
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material. This la probablj a lateral moraiDe, deposited b; the 
glacier which moved down the Sooth ArkanBaa Tallej, At nearly 
the same elevation, abont foar-fiftha of a mile sonth, is the cod- 
spicaoDs lateral moraine donbttesa deposited bj the glacier just 
mentioDed. In the Tomichi district, glacial boalden, evidently 
tram Monumental Moantain, are found 'on the elopes sonth of 
Whitepine, at an elevation of several bnndred feet above the 
creek-bed. 

FLUVIOCLACIAL DEPOSITS 



Both north and sonth of the Sooth Arkansi^ are deposits 
which form high terraces, having a very nniform and gentle slope, 
except where they are dissected by erosion. These deposits ex- 
tend toward the north many miles on the west side of Arkansas 
River, and are designated on the Hayden map in large part as 
scattered drift, bat in part as moraioee. Of the drift Endlich' 
says: 

Drift covers a considerable area alons the westMH aide of the 
ArkanuB. A belt of about five miles In width nma alons it. keeping 
parallel In Its coarse and narrowing out toward the sonth. This drift Is 
composed, so lar as I hare been able to leani Iroin examinations at certain 
compaiatlTely isolated points, of material that was brooght down bj the 
river malnlr; secondaril7. by the dilferrat creeks striking the river Irom 
the west. Althon^ ^cial action .seems to have had coosiderable effect 
in transporting dritt-matertal higher op on the Arkansas, I have not 
recognised any snch means of conveyance In that portion of oar district 
Taking Into account the Hhitting of streams parallel to their own gen«al 
coarse, it becomes evident that the material deposited Immediately along 
the base of the range parallel to the river must have been deposited by it, 
and not by any other means, provided lithological identiOcation of the 
drift-rocks admits o( no contradiction. This latter does not seem to be 
the case, however, and the accumnlation of the greater portion of the 
redeposited material I ascribe to the action of the Arkansas. A nomber 
t4 creeks running oat from deeply cat ravines in the mountains have cut 
In an almost straight tine tbrongh the drift; a clrcamstance which is 
readily explained by the fact that Its resistance was so small as to necessi- 
tate no considerable deviation from a straight Use. As they have cut in 
deeply, however, forms strongly resembling moraines have not Infreqnently 
resulted, which might mislead. Opftoeite station 4, the canyon of the 
Arkansas narrows and the drlft-depoeit disappears. 

;epl- of the U. S. GevL and G«os. Surver Ot the 
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Though Hayden' belieTed that a great glacier once occupied 
the Arkansas valley, he thought that the surflcial deposits were 
laid down in a lake. He says: 

The Arkaaaas valley, Irom Its head In Tenneaaee Fasa to the point 
where the river cuts through Front Range and opens out Into the plains, 
has b«en worn out of the granite mass to a great extent. The valler Is 
partly a flaaure, but ia mostly due to eroalon. The drainage waa undoubt- 
edly started by the Qasures produced by the great uplift, but, as broad 
and deep as It la, It is undoubtedly due moatly to erosion, and by thla 
lUiutratlon we may torm some conception of the work of thla powerful 
agent in giving form to the aurtace of this mountain region. From the 
crest of the Park Range across the Arkansas valley to the crest of the 
Sawatch the distance will average from ten to fifteen mllee. In a straight , 
line, and the average elevation above the water-level of the Arkansas 
River must be about 1,600 feet Now, It Is probable that three-fourths of 
this vast space from the Tennessee Pass to the Poncho Paaa, near the 
head of San Lula valley, a dlatance of one hundred mllea, has been worn 
oat by erosion, and the greater portion of the material carried down the 
river and distributed over the plalna. It Is probable, also, that this great 
space waa at no very ancient period filled with one vast glacier, Which 
doubtless performed the greater part of the grlndlng-up of the rocks and 
the wearing-out of the valley. The glacler-wom sides of the mountains 
on either side of the valley extending nearly to the aummlta, the remark- 
ajDle moralnal deposits In the main valley and on the sides of the gorges 
point strongly to that conclusion. We hope In the succeeding chapter to 
describe more in detail the phenomena of ancient glacial action, which la 
BO admirably shown on both sides of the Sawatch Range. • • • 

In the lower portion of the Upper Arkansaa I described. In my annual 
report for 1869, a group of light-colored marts, 800 to 1,200 teet In thlck- 
neas, under the name of Arkansaa marls. I then regarded them as of 
Pliocene age, and noted their Inclination as 3° to 5°, which would Imply 
that they w£re deposited before the great Sawatch Range had reached ita 
preaent height. It la plain that at a period comparatlvel:^ modem in date 
there was a lake here at least forty or fifty miles In length, and from five 
to ten In breadth, and that in the lower portions several hundred feet in 
tblckneas of fine sediment were deposited in moderately quiet waters. 
The numerous little streams that flow from the Sawatch Range toward tbe 
Arkansaa cut deep channels through this modem deposit. The quantity 
of rounded boulders of various sizes In the vicinity of these streams is 
Immense. Even after the lake waters bad passed down the I>ower Arkan- 
sas, through the canyon, there must have been tremendous glacial as well 
as aqueous forces operating from tbe deep gorges In the mountains, trans- 
porting a vast amount of drift material Into the valley. Just how much 
of this broad expansion is due to erosion jt la difficult to determine, but I 
am Inclined to the belief that there was originally only the fracture of 
elevation, and that the old lake-basin is mainly due to erosion. On neither 
aide of the valley do we see any of the older sedimentary rocks. From 

•Ann. Rept. at the U. B. QpoI. and Qeag. Survey at the Terr., 1S74, pp. 48, 49 
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Poncho Pau to ttte very source o( the Arkanaaa, 'a distance of etghtr 
miles, tLO rocka but Isneoufl and Metamorphlc can be seen upon the east 
side. 

The high terracee along the Arkansas in the Leadville region 
hare been studied ity Capps and LefflngwelP and bj Westgate.* 
These geologists, who state tbat the character and arraDgement 
of the material in the terraces examined can be determined, 
ascribe the deposition of the terraces to streams fed by glaciers. 

Within the mapped area of the Monarch district the topog- 
raphy of the high terraces and their relation to the principal 
valleys fumiBh the chief data from which the origin of the ter- 
races may be inferred. There are no good outcrops, the surface 
being covered with soil or wash, and on -the terraces there are 
no ^uine or prospect shafts with standing walls. However, on 
the east ^de of North Fork a washout under a broken flume has 
laid bare the terrace rock without disclosing its arrangement. 
There has been much creep of the material in the exposure aud 
consequently a disarrangement of any bedding that may have 
existed. Here- are a great many boulders, mixed with pebbles, 
sand, aud clay. The boulders range in size from a few inches to 
three feet, and include all the varieties of rock found in the 
canyon above. No marked faceting could be found. This ex- 
posure is below the middle of the terrace, which at this point is 
about 500 feet high. That large boulders are common near the 
top of the terraces is evident from the numerous boulders thrown 
ont of shallow prospect holes west of North FoTk. 

Two exposures of undisturbed terrace deposits .outside of 
the mapped area were seen by the writer. The first is near the 
mouth of Greens Onlch, where a section nearly 200 feet thick is 
exposed. The deposits are chiefly sand, pebbles, and boulders, 
and show considerable assortment. Sand exceeds the boulders 
in quantity. It is more or less distinctly stratified and contains 
lenticular masses of boulders. Many of the boulders are water- 
worn. The second observed exposure is east of Mount Princeton, 
beBide the wagon-road, where the material is chiefly an aggregat4> 
of angular to subangular boulders of quartz monzonite much . 
decayed. No marked asBortment was observed here. 

■CappH. B. It., and Lefllngwell. E. D. K., PlelBlocene KeoloEy of the Sawatch 
Ranfie, ne&T Leadville, Colorado: Jour. OeoloKy, vol, 12, 19D4, pp. 6B8-T0G. 

CappB, 8, R., Pleistocene geology at the Leadville quadrauKle, Colorado; 
Ball. U. a. Geol. Survey No. 386, 1909. 

'WegtgBte, L. G., The Twin l.alies slacUted area. Colorado: Jour. Qeolosr. 
vol. 1!, 190f, pp, m-JlZ. 
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Plates VI and XVII and the accompaaying topographic jnap, 
show the character of the terrace topc^aphj. The terraces 
reach a height of 500 or COO feet above the bottom of the adjacent 
valleys. The pronounced ridge just east of North Fork is evident 
ar a glance at the topc^aphic map and Plate VI. The form of 
this terrace is very different from that of most stream terraces, 
which commonly are level or slope toward the valley. The pro- 
file strongly suggests the deposition of the material from streams 
flowing outward from the melting border of the glacier which 
occupied the valley, and whoge top was higher than the present 
terrace. It is not probable that depoBition of the large boulders 
with much fine sediments would take place from ordinary 
streams. A subsequent melting of the glacier would result in 
the deposition of the morainal boulders in the valley. Since 
there is no evidence of a material deepening of tbe valley by 
stream erosion after the terraces were deposited, it is assumed 
that the valley itself was formed in pre-glacial and glacial timee. 
Glaciers of other valleys doubtlessly contributed a large share 
to tbe terraces as a whole, and it is probable that a large propor- 
tion of tbe material was furnished by the Arkansas Biver itself 
during tbe Glacial period. 

In mappiug it was difScnlt to distinguish between the 
moraines and high-terrace deposits near the upper limits of the 
latter, and it is' very probable that tbe terrace deposits are 
bordered by moraines even where not so indicated on the map. 
Certain it is that there seems to be a fringe of moraines along 
the upper border of the terrace deposits south of the t^outfa 
Arkansas. 

LOW TEREACES 

Low terraces are found north of the South Arkansas about 
two miles east of Garfield, north of the same stream east of 
Maysville, and west of North Fork at Maysville. (See PI. VI.) 
These terraces, which are perhaps not over lOO feet above the 
adjacent valleys, are several hundred "feet below the high ter- 
races described. Except in elevation, the low terraces are very 
similar to the high terraces in appearance. There are no ex- 
{Hisures in which the assortment, or lack of assortment, of the 
material forming these terraces can be determined. While the 
relation of the low to tbe high terraces remotely resembles that 
which may exist between stream terraces, there is at hand no 
coDvinciug evidence that the main streams have appreciably 
deepened their valleys since the region was glaciated. 
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From the ret'orded obF^er vat ions, tnkeu with the ronclusione 
of g«ologistH that there have been two or more epochs of glacia- 
tion in Colorado, it is inferred that the low terraces were prob- 
ably deposited at the edgv of 8iiialler ghii-iers during an epoch of 
glaciation later thnn that in which the high terraces were fonned. 
The age of either kind of terrace relative to the moraines on the 
higher slopes was not determined. 

E3PTECT OP SNOW 

Near the foot of several cliffs are accuitiulatious of loose 
rock, which have api>arentl,v been dejiosited at the front of large 
banks of snow or ice. A few of these accii in illations reach a 
height of many feet and have jtonded suOicieut water to form 
lakelets fifty feet or more in diameter. One of the largest lake- 
lets probably of such origin is northeast of Bald Mountain. Plate 
VII shows a Bniallei' one southeast of I'omeroy I'ass. 

In early summer large blocks, which have been detached 
from cliffs, and which finally come to rest some distance from 
the foot of the cliflf, may sometimes he seen rolling or slowly 
moving down over a bank of snow. In this high altitude, where 
snow remains nearly all the year, the rock masses so accumulated 
during many yeara, even centuries, must be considerable. The 
disapiteurauce of the snow during the short summers leaves de- 
pressions like those described. Some of the lakelets — as, for 
example, one about a mile south of Bald Mountain — owe their 
origin apparently to the combined effects of glacial gouging and 
the damming bj' boulders deposited at the front of a snowbank. 
LANDSLIDES 

Typical landslides are not common in the Monarch and 
Tomichi districts. The largest landslide in the mapi>ed area is 
about a mile north of Tomichi, Hei-c large masses of the country 
rock, chiefly granite and breccia, have slid down toward the 
southwest from the lower jiart of the sloiie of Monumental Moun- 
tain and southward from the south shoulder of Central Mountain. 
Fi-om the mouth of Fort Scott Cifck northward atmut half a 
mile the roi-ks in mass arc mixeil in great confusion without 
pronounced breaking, while the surface presents the hummocky 
character typical of landslide topography (PI. VII). 

On Monarch Hill, a short distance south of the entrance to 
the Madonna Xo. tunnel, is a nmss of the siliceous shaly 
stratum of the Ouray formation normally found at the base of 
the Ouray, This stratum carries a layer of qnartzite, and. 
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strangely enough, has lodged almost directly above tbe "parting 
quartzite" cat by the tnnnel. Tbe tbinnesa of the quartzite bed 
at the Burface and tbe difference in dip and strike from that 
underground, togotlier with the presence of the chocolate-colored 
shale at the surface, pi-ove that the exposed rock has come from 
a higher position. 

Tbe hill at Cree Camp presents an appearance of having 
been formed by a landslide from th« slope of Taylor Mountain, 
but the evidence at hand is not convincing enough to warrant a 
positive statement. 

TAI.US AND TALTT8 CONES 

Hlidero<k. composed of angular fragments from a few inches 
to many feet in diameter, is very common on moat of the steep 
Klopes. Most of this material has doubtless accumulated gradu- 
ally, though there have probably been individual slides of con- 
niderable niasi;. Calico and Cyclone mountains present good ex- 
amples of si iderocii -covered slopes (V\. VIII). Many of the 
masses of sliderock are scores of feet thick. 

A remarkable phenomenon resulting apparently in part from 
sliderock. op perhaps more properly a rockslide, was observed 
about a mile north-northwest of Shavano Mountain, and deserves 
special mention. Here a stream -coui'se hugs the slope of the 
mountain, having left the ravine below. This anomalous condi- 
tion is shown (PI. VIII. ffl in the photograph taken at a dis- 
tance of about a mile. The height of the present stream-bed 
above the bottom of the original channel was not measured, but 
it is probably not less than 100 feet. The former course, which 
was near the contact between granite on the east and quartz 
monzonite on the west, tended to work westward, probably on 
account of the greater resistance of the granite. A steep iliff 
of quartz monzonite was thus formed, and has furnished much 
debris whieh has partly filled the channel. This debria.-added to 
tbe result of partial unloading of the stream, owing to an abrupt 
change in gradient, has apparently forced the stream to turn 
front its former course. Below tbis point for a considerable 
distance erosion has exceeded deposition. It is possible, also, 
that snow and ice, filling the ravine at some former time, may 
have been melted along the east border sufficiently to furnish for 
storm waters a channel whieb, once occupied, became the per- 
manent channel for the stream. 
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One of the moat conapicuous taluB deposits of the region is . 
OD the soQth slope of Mount Etna, where it may, be seen from a 
distance of many miles as a vhite streak in contraBt with the 
darker weatliered rock on each side. This tains and also a talus 
t'one at the foot of the mountain are shown in Plate IX. Only 
comparatively small blocks hang on the steep slope near the top 
of the mountain, while the cone below contains a great propor- 
tion of boulders several feet across. The vertical height of the 
cone is 300 or 400 feet, while the slope of the surface of the lower 
part of the cone is about 25°. The boulders at the foot of the 
slope have passed through a horizontal distance of nearly 6,000 
feet and a vertical distance of about 3,000 feet. They have, 
therefore, rolled about a mile and a quarter before coming to 
rest. The momentum gained by a lat^ boulder at the steep 
upper part of the slope is evidently sufBcient to carry it to tlie 
base, even over a slope of low angle in the lower part of the 
course. 

That snow or water has not been an important factor in 
the fransportatioo of the boulders is shown by the assortment of 
material (Fl. X). The largest blocks are at the foot and the 
smallest at the top of the cone; whereas, if they bad been trans- 
ported by water, the largest blocks would have been dropped 
first, while, if they had been brought down by snowslides, there 
would be no maHced assortment. However, snowslides have 
passed over this tains, as shown by the removal of the timber on 
both sides of the creek at the foot of the slope. 

Talus cones are not uncomiiion in other parts of the region, 
particularly in Browns and North Fork canyons. (See Pis. VII 
and VIII.) 

TALirS aLACIEBB 

The most typical talus glacier, or rock -stream, in this region 
is found about a mile and a half northwest of Shavano Mountain, 
and is shown in Plate X. Part of the talus at the foot of Calico 
Mountain also has some of the features of a talus glacier. In the 
area mapped the structural conditions favorable to the formation 
of lai^ talus glaciers seem to be generally lacking. According 
to Chamberlain and Salisbury', their development probably in- 
cludes: "(1) the passage of the talus over snow-baoks at the 
bases of cliffs, (2) sliding, creeping, and slumping of bodies of 
talus, perhaps both when bound together by ice and when not so 
cemented, and (3) incipient glacial motion." 

^GeoJogy. vol. 8. p. 474. 
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ALLTJVIUK 

In general, the streams have a high gradient and have de- 
posited but little alluvium in their valleys. In the South Ar- 
kansas valley, however, at and above Ma.vsvllle, there is a strip 
of alluvium wide enough to permit of the cultivation of small 
fields. East of Majsville the alluvial bottom-lands widen sufB- 
ciently to make room for many large farms. In Foose Oulch and 
in Monarch Park soath of Monarch are local alluvial deposits 
which may have been laid down during an epoch of glaciatlon 
or soon afterward. 

In mapping, it was found impracticable to separate the 
alluvium, ice deposits, and some debris in the Tomichi district. 
Accordingly they are all represented on the geologic map in one 
pattern. Much of this is typical alluviam, especially that in the 
Tomichi valley. In the same valley, below the area mapped, for 
several miles down, the alluvial bottom-lands have an average 
width of probably half a mile or more. This valley is occupied 
by several successful ranchers, whose principal crop is hay. 

Alluvial fans. — Small alluvial fans are numerous in several 
valleys. Perhaps the largest and most typical are in Greens 
Gulch and the valley of North Fork above Maysville. Here storm 
waters have washed down the unconsolidated material of the high 
terraces, through gnllies and ravines. Numerous alluvial fans 
are thus formed at the foot of the terraces. A good example 
above Maysville is indistinctly shown in Plate VI, A, just below 
the center of the phott^aph. The alluvial fans are represented 
on the map with the same patterns as the creek-deposited alluvium. 

son. 

Fertile soil has been developed on most of the creek-de- 
posited alluvium, and more or less has accumulated on ttie high 
terraces and moraines. Even the bottoms of most of the ice- 
scraped cirqaes have a thin covering of soil, in which grows 
thick-set but rather short grass during the few weeks of summer 
when it is not covered by snow. 

In a few places where drainage is poor are found bogs many 
feet deep. These bogs contain a large proportion of roots of grass 
and willows in a condition of greater or less decay, the whule 
mass being constantly water-filled. The best examples of bogs 
are found in Browns Gulch and above Shavano in the valley of 
North Fork. 
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CHAPTER n 
OUTLINE OF GEOLOGIC HISTORY' 

The pre-Cambrian hiBtory of the region ia obBCure, It is 
evident, however, that long before the deposition of the oldest 
existing Paleozoic sediments the region wna Bubjerted to profound 
metamorphism by which the sedimentary tocIib and probable igne- 
ous rocks then present were changed to quartzite, schists and 
gneisses. Either synchronously with the regional metamorphisin 
or, more probably, later, these ancient rocks were invaded by a 
granite batholith which is now exposed over a large area. 

This granite and the ancient metnmorphic rocks were sube- 
quently so long exposed to erosion that a comparati\'ely low relief, 
if not a peneplain, was developed. This erosion probably began 
in pre-Cambrian time and closed with early Saratogan {Upper 
Cambrian). This long period of erosion may or may not have 
been interrupted by short epochs of sedimentation. 

In late Cambrian time the sea advanced over the region 
when the water-worn quartz sand of the Sawatch quartzite was 
deposited iu shallow water. It is unknown how long sedimenta- 
tion continued. After a later emergence the rt^iou was exposed 
to erosion long enough for the removal of nearly all the sediments. 

When the sea again advanced, probably in Middle Ordo- 
vician time, the shore-line ai)parently did not remain long in the 
vicinity, as shown by the fact that the limestone deposited during 
this submergence rests directly on the quartzite and granite or is 
separated from them by at most two or three inches of shaly 
material- Xawhere. within the area mapped is there sandstone 
or quartzite below the limestone other than remnants of the 
Sawatch quartzite. If such sediments were deposited near the 
shore as it advanced over the land, they were removed by currents 
before the deposition of the Ordovician limestone. 

Throughout the time when the greater part of the Ordovician 
limestone was being laid down the relief of the adjacent land 
mass must have Itecn low. since mechaotcal sediments are almost 

xcepl the briet KUmmniy, In tht l«s 
'Hiogrophic procesapH, Ilie stalemc 
orded In detull In rollowlng chupt 
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negligible in amount. The submerged area remained at moderate 
depth long enough for the accumulation of about 250 feet, or 
more, of limestone. After a probable temporary shoaling, when 
a Bundy stratum was depoaited. there waa apparently an emerg- 
ence and a removal by erosion of part of the limestone. An 
advance of the sea and shallow water furnished the essential 
conditions for the deposition of the "parting quartzite," The 
thickness of the quartzite varies greatly, but gradually, indicating 
a difference in the amount of sediments from place to place or 
an eromon interval after they were deposited. Conditions favor- 
able for the deposition of the highest member of the Ordovician 
limestone were much like those when the lowest member was 
deposited, namely, a period of quiet, clear water and coneidorahle 
removal from the shore. 

Between the formation of the limestone in probably late 
Middle Ordovician time and the formation of the Upper Devonian 
Ouray limestone there \» a lost interval in so far as the fauna 
is concerned. The sedinicntN between the highest determined 
Ordovician horizon and lowest determined Devonian horizon are 
less than 150 feet thick. About half of this thickness, by the 
variability in character, records several changes in conditions of 
sedimentation. It is probable that after the deposition of the 
known Ordovician ami prior to the deposition of the known 
Devonian the land had a low relief and degradation was slow. 
The area under consideration was probably slightly above sea- 
level during a great part of the time for which there ia no faunal 
record, including probably Upper Ordovician, the Silurian, Lower 
Devonian, and Middle Devonian. During much of this time' 
the area may have been below sea- level, receiving sediments slowly 
derived from a baise-leveled land area. It is not impossible that 
during this long period there wei-e several oscillations of the 
strand-line by which the region was alternately submerged and 
exiKwed. 

Accumulation of sediments was apparently continuous from 
the beginning of Ouray time until its close, but was possibly, if 
not probably, interrupted by an emergence and erosion interval 
immediately before the black dolomite of Mississippian time was 
'aid down. If dolomitization be disregarded, the entire forma- 
tion, excepting a few feet near the top. was deposited under nearly 

BlackweldBrT Ellol. The valuation of u neon form 111 ea: Jour Geology, vol. 17, 
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uniform coDditioDS of clear and only moderately deep water. 
Near the close of tbiH Bedimentation period, conditions became 
favorable for the deposition of mechanical sediments. It is un- 
known how long eedimentation continued after the deposition of 
Ihe Ouray formation. Through at least the later part of the 
Missisaippiau period the region was again a land area. 

When the aea again transgressed the land in Upper Carbon- 
iferous time, a great thickness of mechanical sediments, chiefly 
shales and sandstones, was deposited. Only a comparatively few 
strata of limestone, about 800 feet above the base of the Garfletd 
formation, indicate clear water of a quiet sea. Land erosion of 
an adjacent land mass was active daring almost the entire period 
of Garfield sedimentation, when nearly 3,0no feet of shales and 
t^andstones accumulated on the sea bottom which was sinking 
relatively to the adjacent land. The large proportion of shales 
indicates ^hat the local waters were muddy daring much of this 
time. 

No evidence is at hand which proves that a long erosion 
interval sncceeded the deposition of the Garfield formation. How- 
ever, the succeeding sediments of the Kangaroo formation are 
mainly shallow water or flnviatile deposits. Some of these, par- 
ticularly the arkosic strata, indicate a rapid transgression of the 
sea over a land area on which had accumnlated rock debris 
formed chiefly hy disintegration, with a minimum of decay. The 
Kangaroo epoch of rapid sedimentation may have been interrupted 
by one or more erosion intervals. 

There is no known record of the Mesozoic era in the region. 
It is not impossible that sedimentation was going on during part 
of the era. The nearest described Mesozoic rocks are the Jurassic 
and Cretaceous beds of the Anthracite-Crested Butte region.' 
Subsequent to the deposition of the youngest consolidated sedi- 
ments the region was subjected to strong compressive forces which 
threw the strata into a series of anticlines and synclines. The 
folding was accompanied by much faulting. 

Evidently after the strata were tilted and probably in Terti- 
ary time, much of the region now occupied by the Sawatch Range, 
was invaded by a large batholith of quartz monzonite whose 
southern limits are within the area mapped. The bathoLithic 
invasion was preceded and followed by intrusions of granular 
rocks in stocks. Minor intrusions of porphyry also succeeded the 



' Folio 9, u. S. Geol. Survey. 
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batholithic intrusion. It is probable tbat Bome of these minor 
rntrusions took place long after the initial post-Carbooiferous 
plntonie intmsion. A small part of'tbe Sawatch Range was the 
seat of explosive volcanic disturbance near or at the end of the 
general period of igneous activity. 

In all probability most of the primary ore minerals vers 
formed immediately after and as a consequence of the intrusion 
of quartz mouzonite. Oxidation of the ores began later and has 
continued to the present. 

Subsequent to the period of igneous activity, and probably 
in part synchronously with that period, erosive agencies have 
t>een active in removing a great amount of rock and shaping the 
present topography. Probably in Pleistocene and in more recent 
time local glaciers were an important factor both in erosion and 
in the deposition of surflcial rocks. Becent time bas been char- 
acterized chiefly by landslides and the work of running water. 
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I'RE-CAMBRIAN BOCKS 

IIoi'kR older than the oldest Paleozoic eediiiientR of the dis- 
trk't are exjiosed in the east, Ronth, and west parts of the region 
Burvejed, and extend far toward the south. The.v comprise 
gneisses, schists, grauitea, pegmatite, and a little quartzite. A 
few dikeu of diorite and svenite in the granite area are also 
probably of pre-Caiubrian age. 

GNEISSES AND SCHISTS 

These rocks are confined to the east and southeast parts of 
the area mapped. The.v differ greatly in character and often 
show sharp contrasts in the composition of alternating or sue 
cessive bands. Individual bands may have a thickness of a few 
inches to many feet. The strike of the foliation varies widely, 
but is probably more often approximately north than any other 
direction. 

A number of rock types will be described IwieHy. but there 
occur many variations, and probably other types could be found. 
The gneisses and schists. espe<'ially near the granite contact, ai-e 
cut by large dikes and iri'egular bodies of pegmatite. In some 
places lens-like masses of iH-gmatite ai-e inclosed by the gneisses 
and schists. 

GRANITIC GNEISS 

In several loealities in the pre-Canibrian area, particularly 
south of the South Arkansas River, granitic gneiss is present. 
This is composed essentially of ijum'tz and feldspar, with a 
variable amount of biotite. In some sjieciraens very little quartz 
is present, when the i-ock approaches a syenitic gneiss composed 
essentially of orthoclase, plagioclase, and biotite. with or without 
hornblende. 

HOn.N BLENDE GNEISS 

Hand specimens of this rock are nearly black, but contain 
lenticular aggregates of white feldspar grains which make the 
■>ck appear gneissnid rather than sihistose. The i 
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shows, in addition to hortibleDde, considerable orthoclase, a 
little plagioc'lase, quartz, magnetite, pyrite, and accessory zircon. 



i SCHIST 

This rock bears a close resemblance to the hornblende gneiss, 
but is very finely laminated and, in some occurrences, carries 
practically no feldspar. A few grains of quartz, besides minute 
crystals of zircon and apatite, are present. 

Other occurrence of hornblende schist show considerabje 
orthoclase, a little microdine and plagioclase, accessory titanite, 
but no quartz. 

MICA SCHIST 

One variety of mica schist is made up of biotite and feldspar 
in nearly equal quantity, with a ver^' little quartz and accessory 
zircon. The feldspar is largely in equidimensional grains, with 
an average diameter of about half a millimeter. Cross-sections 
of many grains are almost circular. Albite twinning is fre- 
quently present, though there are but few lamella as a rule. 
Much of the feldspar is nnstriated and may be, in part, ortho- 
clase. Several crystals of feldspar, so cut as to give the emer- 
gence of the acute bisectrix, are positive. This, taken with the 
low extinction angles of sections normal to the albite lamellae, 
indicates that the feldspar is largely albite. Biotite has crystal- 
lized later than the feldspar and fills the interspaces. In some 
cases a crystal of biotite extends over a wide area, involving 
many feldspar grains in an ophitic or poikilitic manner. 

Another variety of mica Kcliist contains no feldspar, but is 
composed of biotite, muscovite, quartz, and a little magnetite. 
The two micas are commonly intergrown. 

GARNETIFEROUS SCUEST 

Much of the rock on the dump of the Bon Ton mine is a 
schist, showing in the hand specimen quartz, biotite, a variable 
amount of aimandite garnet, and a little chalcopyrite. The 
garnets are 2 to 3 mm. in diameter and are practically without 
crystal forms. In addition to tlie minerals mentioned, the micro- 
scope shows small zircons inclosed by the quartz, besides many 
anhedrous of gahnite. 

BIOTITB-SILLIMANITB SCHIST 

On the steep slope south of Maysville is a variety of schist 
composed principally of quartz, biotite, sillimanite, and a white, 
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inelastic, lamtDated mineral wtiicb is probably talc. A small 
amount of magnetite is present, and the microscope shows acces- 
sory zircon. The rock is very schistose and cleaves readily. 

The sillimanite is found in vei^ small, needle-like crystals 
which, for the most part, form aj^i;regate8. These aggregates 
occur in mat-like streaks of interwoven tufts and bundles which 
fray out into the other essential coDstituents. In addition to this 
common occurrence, scattering sillimanite crystals are inclosed 
by the other minerals. 

Another variety seen on the ridges on both sides of Greens 
Gulch, near the south border of the mapped area, is quite different 
in character. This rock contains numerous white, lens-like 
masses in a matrix of quartz-mica schist. Ball* has described a 
rock of similar character, though somewhat different in composi- 
tion, from the Idaho Springs formation of the Georgetown 
quadrangle, Colorado. Sharp cross-fractures in the lenses men- 
tioned are common, as in the ellipsoidal masses in the Idaho 
Springs rock. 

The lenses commonly ha-ve a diameter of less than two inches, 
but some of them are three inches across. The microscope shows 
them to be made up principally of quartz and sillimanite. The 
quartz incloses occasional zircon crystals, and in one slide there 
is seen a streak of what is probably finely divided muscovite. 
The quartz incloses many single needles and bundles of silliman- 
ite, but by far the greater part of the sillimanite uocui-s in 
bundles and tufts which fray out into the quartz. 

The matrix is composed of almost equal quantities of quartz 
and biotite, with a few flakes of muscovite and an occasional 
zircon crystal. No sillimanite was observed in the matrix. The 
quartz of the matrix generally shows undulatory extinction, a 
phenomenon almost entirely lacking in the quartz of the lenses. 
This probably indicates that after recrystallization the rock was 
subjected to dynamic stress, which was relieved almost wholly 
by the yielding of the matrix, perhaps because of the presence 
of much biotite in this part of the rock. 

ORIGIN OF THE GNEISSES AND SCHISTS 

The granitic gneiss has furnished no satisfactory evidence 
as to whether it was originally sedimentary or igneous. As 
nearly as can be determined from microscopic examination, the 
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rocks composed principallj' of quarts, mica, and sillimanite have 
approximately ttie cliemical composition of argillaceons sand- 
stones or sand; shales, and bare probably been derived from 
such rocks hy complete recrystallization in the process of meta- 
morphism. Ball' r^ards as a conglomerate the rock of the 
Idaho Bprings formation which carries the ellipsoidal bodies. 
The schist with the lenticular masses in the vicinity of Greens 
Gulch also has the appearance of a metamorphosed conglomerate. 
It conld scarcely be suspected that quartz and sillimanite would 
segregate in the process of recrystallization of a rock of uniform 
composition. To suppose the original rock to have been an 
igneous breccia would be open to objection. An igneous rock 
having the chemical composition of a mixture of quartz and 
biotite in nearly equal volume would be unusual, and the ap- 
proximately uniform distribution of the inclusions woald be very 
improbable. Hence it is inferred that this rock represents the 
complete recrystallization of an argillaceons, ferruginous sand- 
stone carrying pebbles of argillaceous sandstooe. 

It is not improbable that some of the schists have been de- 
rived from igneoua rocks. In some places rock of the same 
composition will form a band 100 feet or more wide, white the 
adjacent rock will have a very different composition. Whether 
the original rocks were sedimentary or igneous, or both sedi- 
mentary and igneous, the adjacent layers apparently differed 
widely in composition. It should not be inferred from the above 
that the alternations and successions are as uniform over long 
distances and as well defined as are found in the pre-Cambrian 
metamor[Aic rocks in some parts of the Bocky Mountains, as, 
for example, in the Encampment District, Wyoming.' 

By way of summary, it may be said that the observations 
made do not justify a conclusion as to the exact physical char 
acter of the original rocks. The most that can be said is: the 
schists and part of the gneisses indicate metamorphic derivatives 
of shales, sandstones, and conglomerates, probably intercalated 
with igneous rocks in the form of flows or minor intrusions or 
both. 

Cross* has studied a series of schists near Salida, which is 
a few miles east of the area under consideration. He "inclines 

'Op. clt, p. 44. 

■See Spencer, A. C, Mineral resources of the Encampment copper region, 
Wyoming-: Bull V. B. Geol. Survey No. 213, 1903. pp. 1KH~1G2. Copper depoalu ol 
the Encampment district, Wyoming: Pror. Paper U. S. Geol. Survey No. 2E. IMM. 

•Croat. Whitman, Peculiar seriee of schists near Sallda, Uolo.; Pros. Colo. 
8cl. BOC., 1SS3. pp. I-IO. 
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to tbe belief tbat the schistR and masBive rocks of the Kalida 
section • • • represent a great series of surface lavas 
erupted in Algonl^ian time." 

AGE) 

The gneisses and schists Wlong to tlie complex which has 
been variously referred to tlie Arclican or Algonkian, or simply 
pre-Cambrian, by geologists working in Colorado. These gneisses 
and schists are, at least in large part, tbe oldest exposed rocks 
in the area mapi)ed. They are cut by infrusive granite much 
older than the oldest Paleozoic sediments of the district, which 
are probably of Upper Cambrian age. After giving a summary 
of observations made in the Sawatch Range by themselves and 
other geologists, Van Hise and Leith' make tlie following state- 
ment: 

The presence of Umestone and guartzlte In the pre-Cambrlan BchlsU 
ol tbe Sawatch and adjacent valleys, making up, in tbe case ot tbe 
quartettes, the major part ot the aerlee, euggeste tbe Algonklaa age of 
this part of tbe eertes, but the granites and the other gnelsees and schists 
may be ol the same or different ages. Sufficient work has not yet been 
done to separate them lithologlcaUy or structurally. The beat that can 
be done Is to reter the entire complex to the pre-Cambrlan. 

QUARTZrTE 

Three small areas of quartzite near the southoa»t corner of 
the field are shown on the map. .\bout half a mile west of the 
northernmost area is considerable quartzite tains on the tim- 
bered slope. 

The quartzile is bluish or reddish and very dense. There 
remains a suggestion of bedding, but the relation of this to the 
foliation of the gneiss is not clear. The microscope shows tbat 
there has been a complete recrystallization. The interlocking 
qnartz grains resemble the quartz of granite; their form bears no 
resemblance to the rounded outline of quartz grains in- sandstone. 
The quartz shows a moderate degree of undulatory extinction, 
^mall grains and crystals of magnetite are common; a little 
hematite is present. The magnetite forms anhedrons and octa- 
hedrons. .\ striking microscopic feature is the large number of 
crystals with a length three to six times the thickness. These 
appear to t>e distorted magnetite octahedrons. Much of the iron 
ore forms small inclusions in the quartz. The larger grains inter- 
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lock with the quartz graiiiR. A rude bfiuding in noticeable in 
the slide, owing to a jmrtial Kegi-epition of the ore, • As a'rule, tbe 
long dimension of tbe crvstals is psirallel to the banding. 

ORIGIN OF THE QUARTZITE 

This rock was evidently derived from u sandstone whose 
constituents underwent thorough recrystallization in the process 
of Dietamorphisni. The considerable quantity of iron ore points 
to the probability that tbe cement of the original sandstone was 
largely ferruginous. 

AGE 

The structural relation of the quartzite to the gneisses and 
schists is not evident. The quartzite, however, appears to have 
undergone as extreme metaniorphism as have the schists and is 
probably of the same general age. 

GRANITES 

In the area mupped as pre-Cambriau granite are two distinct 
kinds which differ in habit rather than in composition. These 
were very likely intruded at different, but not widely separated, 
times. There are local unimportant deviations from the types. 
The mapped granites form part of a batholith intruded into the 
gneisses and schists. For consideriible distances the contact is 
distinct and regular. la many places, however, there are so 
many inclusions of the nietamorithic rocks in the gianite and so 
many minor intrusions of the gi-anitc in the metamorphic rocks 
that the boundary shown on the map separates the two only in a 
general way. ' 

COAK3E BIOTITK GUASITE 

Xeacly all the coundy rock in the granite area on the Con- 
tinental Divide south of Bald Mountain and east of the divide 
as far north as North Fork, is of the type which will be described 
as coarse biotite granite, and which doubtless was intruded at 
one time. 

This granite varies in color from gi'ay to red. In the south 
and southwest part of the exposure the rock is commonly red or 
pink. .The color here is due partly to the reddish feldspar, but is 
also partly a result of the weathering of biotite. The common 
megascopic constituents of the granite are feldspar, quartz, and 
biotite. On the top of the range, about a inilc north of Monarch 
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Pass, the granite, taken from a prospect hole, sbows nnmerous 
crystals of mftgnedte. 

Much of the graaite is eveD-grained, bnt a porphjritic facies 
is present over considerable areas, particalarly east of Taylor 
Gulch, where feldspar phenocrjsts one-half to one and one-half 
inches long, form a lai^ poction of the rock. Very comroonlj 
these phenocrjBts show a parallelism in orientation, which is 
probably a flusiional arrangement. In general, the even-grained 
granite is massive or only slightly gneissoid, but locally granite 
gaeiSB has been developed through dynamic metamorphism. 

Thin sections carry zircon, iron ore, biotite, plagioclasc, 
orthoclase, microcline, and quartz as primary minerals. Zircon 
is very rare and in minnte crystals. Iron ore occurs in octa- 
hedrons inclosed by feldspar and in formless grains in part 
secondary. 

The biotite is the usual brown pleochroic variety, and is 
very commonly chloritized or epidotized. In several specimens, 
particularly those taken from the Lilly mine, the biotite is iu 
aggregates of minnte dakes which appear to have resulted from 
recrystallization. 

Acid plaffhcUise is present in only a few specimens and in 
small quantity. Orthoclase and mdcrocUne are abundant but 
bear no constant ratio to each other in amount. On the whole, 
microcline probably is predominant. Carlsbad twinning is occa- 
sionally seen in the orthoclase. In moat of the specimens ex- 
amined there has been considerable kaolinization' of all the 
feldspars. 

Quarts is not uncommonly intergrown with the potash feld- 
spars, but these intergrowths are not of the typical graphic 
variety. Instead, but two or three circular areas of quartz 
surrounded by feldspar, have the same ci^stallographic orienta- 
tion, Undulatory extinction is general in the quartz. This 
mineral commonly carries numerous liquid inclusions, and in 
some instances, minute, needle-like microlites which do not react 
on polarized light. These microlites are possibly rutile. 

The two small exposures west of Majsville, mapped as 
granite, are more monzooitic than the rock described, and a small 
area on the ridge east of Banana Mountain is similar to the 
Maysville rock. This differs from the granite described in that 
it contains less quartz, plag^oclase in excess of potash feldspar, 
and considerable tiranite. While it may be a facies of the 
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granite there is no proof that this rock was not intraded inde- 
pendently. The great amount of pegmatite associated with the 
older metamorphic rocks in the vicinity of Maysville suggests 
that the exposed monzonitic rock is part of a; batholith or very 
large stock. 

PORPHYKITIC GHANITB 

Unch of the granite of the Tomichi district, including prac- 
. tically all west of Whitepine and east as far as Bald Mountain, 
has a very different texture from the coarse biotite granite de- 
scribed. The most striking feature of this rock is the great 
number of tabular feldspar phenocrysts witb dimensions com- 
monly leae than 4 mm. by 10 mm. The majority of the pheno- 
crysts are twinned after the Carlsbad law. The groundniass, 
which forms somewhat less than half the volume of the rock, is 
a granular aggregarte of quartz, feldspar, and biotite. 

In thin section, most of the phenocrysts are seen to be 
orthoclase, but a few plagioclase phenocrysts are present. Since 
all the observed sections of plagioclase normal to (010) have 
approximately parallel extinction, this feldspar is probably oligo- 
clase. Inclusions of biotite and quartz are common in the feld- 
spar phenocrysts. The freshest specimens show considerable 
kaolin and sericite derived from the feldspars. 

Although considerable biotite, orthoclase, and plagioclase 
are present in the groundmass, quartz is here the most important 
component. The quartz very generally shows undulatory extinc- 
tion in small degree. Microtites, like those in the quartz of the 
coarse-grained granite, and liquid inclusions are common. 

Relation to coarse biotite granite. — No effort was made to 
map the boundary between these two kinds of gmnite. The 
difference between the two is not very evident on weathered 
surfaces and, furthermore, there is much interlocking and irregu- 
larity. Hence the rocks could be separately mapped only at the 
expense of a great deal of time. 

Loose boulders were seen which carry a sharp contact be- 
tween the two varieties and one boulder showed porphyritic 
granite inclosing the coarse variety. It is hence inferred that the 
two kinds of granite were intruded separately and that the 
coarse variety is probably the older. As nearly as can be de- 
termined from microscopic study, the chemical composition of 
the two varieties is essentialiv the same. The difference in 
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texture is probably the result of a difference iu physical condi- 
tions dnring the pi-w-eas of rrystallization. 

S.MOKV-ylAltTZ GRANITE 

A roirk, which deserves mention because of it's peculiar 
appearance, occurs ou Missouri Hil! and east of the Rainbow 
mine. The exposures are small and this rock min' be a phase of 
the surrounding granite or it may be a separate intrusive. The 
rock is composed essentially of small grains of feldspar and' 
smoky quartz, with a very little magnetite and finely tlaked biotite. 
The microscoiie shows, in addition, small crystals of apatite and 
needle-like niicrolites which do not react on polariz-ed light. The 
feldspar is orthoclase, micrucline, and microperthite. 



Only a very few narrow dikes of [legniatite and aplite cut 
the granite itself within the area mapped. Surrounding the 
granite, however, in a zone of variable width in the area of 
gneiss and schist, jiegmatite is common. A good example is seen 
south, west, and southwest of Maysville, where pegmatite with 
large masses of quartz, is abundant. 

A large area, crossed by Lost (Yeeb, contains so little gneiss 
and schist that it has l>ren mapi>ed separately. The rock of this 
area varies from a <'oarsc (jegmatite, having quartz masses a foot 
or more in diameter, to a coarse acid granite with jjut little 
biotite. A few small inclusions of gneiss and schist are present. 

AOK Ol^ TilK CIRANITKS 

The oldest Paleozoic formation in the Monarch and Tomichi 
districts is a quartzitc which is probably the equivalent of the 
I'Pjier Cambrian Sawatch quartzite. This formation was laid 
down on a nearly level granite surface, showing that the granites 
had been long exi>osed to erosion. These granites are therefore 
much older than the quartzite and. as Iwfore stated, are younger 
than the gneisses and schists. They an' very probably of pre- 
<'ambrian age. and will be so considered in this report, with the 
qualification that it is not imjiossible that they may be of early 
Cambrian age, as Cross' has pointed out, 

'Bull. SM, L'. S. (ieol, Suive.v. pp. 834. 82«. 
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GRANITE PORPHYRV 



About a mile south of Lost Mountain there is an exposure of 
acid rock which is largely granite porphyry, but near the center 
is practically granular and might be called aplitic granite. The 
individual grains have a maximiim size of about four millimeters. 
Feldspar and quartz are readily rei-ognized in the hand specimen. 
The weathered rock is commonly white, but in places shows a 
reddish tinge. 

Under the microscope are seen plagioclase, microperthite, 
orthoclase, microcline, quartz, and a little biotite, with secondary 
iron ore, chlorite, epidote, sevicite, and kaolin. Many plagioclase 
crystals show well-developed forms, while the other feldspars 
and quartz have crystallized in two periods. 

Plagioi'lase is abundant and is probably albite, possibly in 
part oligoclase. Although combinations of Carlsbad aud albite 
twins are present, the mineral is too badly sericitized for certain 
identification. Extinction angles up to 15° were observed in 
sections normal to the twinned lamellie, while the difference in 
extinction between the two Carlsbad halves is very small. A 
small amount of plagioclase is intergrown with both varieties 
of poTash feld.spai'. The ortbochise aud microcline pbenocrysta 
have very imperfect or almost no crystal outline. In many 
eases they show, near the border, micrographic intergrowths with 
quartz. Kaolin and sericite are common alteration products. 
The quartz phenocrysts are approximately equidimensionat -but 
have no crystal outline. A few ^juartzes show undulatory extinc- 
tion. Biotite was originally pi-esent in very small quantity. It 
is now almost completely replaced by epidote and- chlorite, with 
the separation of iron ore. 

The groundmass, greatly subordinate to the phenocrysts in 
volume, is a microgranular aggregate of quartz and orthoclase. 
Quartz greatly predominates, and in some areas, where the 
amount of the groundmass is very small, quartz is the only 
mineral. 

The mineral composition of this rock is very similar to that 
of the post -Carboniferous granite. 

AGE ANP KOKM OF INTEfSlON 

The rock descrilied is so much more weathered than the late 
acid igneous rocks, and has so nearly the aspect of the ancient 
granites, that it was regarded in the field as a pre-Cambrian 
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intrusive. However, the mici^scope brings oat the porphyritic 
texture and only slight evidence of dynamic metamorphism. The 
pre-Cbimbrian roclcs have been subjected to a great amount of 
erosion, and hence any pre-Cambrian intmsive that is now ex- 
posed, must have solidified at a considerable depth where the 
temperature would be favorable to slow crystallization. The 
very siliceous character of this rock, which would tend to offset, 
in a measure, favorable conditions for slow cooling and conse- 
quent granular texture, must not be overlooked. Nevertheless, 
the eiistence of considerable fine-grained groundmass, especially 
around the borders, when taken with the indications of but slight 
dynamic metamorphism, suggests the possibility that the granite 
porphyry was, in comparatively late geologic time, intruded as 
a stock which solidified at moderate depth. For want of better 
evidence of age, its description is placed in the pre-Cambrian 
section' of this paper. , 

SYENITE, HORNBLENDITE, AND DIORITE 

In the granite area east of Garfield are several intermediate 
to basic dikes trending in a general northerly direction. Most 
of these dikes are intrusive into the granite, since they extend 
long distances, and in most cases are sharply differentiated from 
the granite walls, apparently forming an eruptive contact. They 
have, however, shared the regional metamorphism with the 
granite, and are hence probably but little younger. The most 
prominent dikes of this class will be described here briefly. 

The dike seen at the railway, about 800 feet east of the base 
of the limestone, is tc heavy, dark, fine-grained rock composed of 
hornblende and 8ut>ordinate feldspar with considerable titanitc 
and a small quantity of magnetite. The microscope shows the 
feldspar to be microcline and plagioclase in about equal quanti- 
ties. Many hornblende crystals have well-developed crystal faces. 

The Bay State and Independence tunnels, about a mile 
north of the railroad, cut a similar, or probably the same, dike. 
The rock in the specimens examined differs from that at the 
railroad chiefly in that the feldspar is all orthoclase. This dike, 
or one parallel to it, can be traced northward nearly half a mile 
to a point where it passes under the moraines. 

A few feet east of the first dike mentioned is one of horn- 
blendite composed chiefly of hornblende but carrying some 
pyrite. A narrow dike of hornblendite crosses the ridge south- 
east of the Clinton mine. This rock is very fine in texture, and 
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carries, in a^jditioD to the bomblende, a small amount of ortho- 
claee and plagioclase. 

A strong dike of diorlte about a mile and a balf east of 
tiarfleid, is approximately pantile! to those farther west. It is 
slightly porphyritic, having a few plagioclase phenocrysts in a 
flne-granular groundmass of hornblende and plagioclaae. The 
roclc shows evidence of having been folded and squeezed. Al- 
though the dike appears to be intrusive it does not show walls 
as well defined as do some of the others, and is itself cut by 
pegmatite veins a fraction of an inch to several inches wide. 

On the first hill north of the point where the last -mentioned 
dike is exposed at the railroad, a diorite dike with an eastward 
trend may be seen. This dtorite is even-grained and composed of 
feldspar and dark minerals in approximately equal amounts. 
Hornblende is the predominant dark mineral, but the microscope 
shows considerable augite and magnetite. Bxtinction angles 
indicate that the feldspar is basic andesine or acid labradorite. 

Relation to the ffmnite. — It will be noticed that the dikes 
described have essentially the composition of lamprophyres, but 
difFer from the latter in texture. The texture is about what 
might be expected in a rock of lamprophyrie composition solidi- 
fying under conditions which favor slow crystallization, that is, 
at high temperature. May not these dikes be the deep-seated 
extension of lamprophyrie dikes whose upper part has been 
removed by erosion? If so, they may be considered the femic 
differentiate of the granitic magma and complementary to the 
pegmatite mentioned on a preceding page. 
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CEAPTEB IV 

PALEOZOIC SEDIMENTARY ROCKS 

Although Paleozoic sedinients are exposed ovor only a small 
part of the area mapped, there are reasons to believe that the 
entire area was onc'c covered by nearly or quite all of the forma- 
tions now represented. Among these reasons are: (1) the close 
litbological resemblance between separated areas of each forma- 
tion; (2) the virtual absence of shore deposits from the limestone 
formations, thus indicating a considerable distance of land mnsaee 
from the area at the time of deposition of the sediments; (3) the 
presence on both sides of the Continental Divide of all the forma- 
tions of the region, excepting the youngest one, whose absence 
from the Tomichi district can easily be explained by its removal 
through faulting and erosion; and (4) the presence of PaleoKoic 
sediments north of Monarch Pass on tiie ci-est of the Sawatcli 
Range. The crest of the range, where it was involved in anti- 
clinal folding, would be more likely than any other part to be 
above sea-level while tlie remainder of the area was receiving 
sediments ; but if this part had l>een exposed longer than the rest 
it is highly probable that, with its consetjuent less total thick- 
ness of sediments and its position and structure favorable for 
rapid erosion, all of the sediments would have been i-emoved long 
ego. The age of this part of the range is further discussed in 
the chapter on structural geology. 

Excepting a few beds, most of tlie sedimentarj- rocks in the 
regiou are poor in well-preserved fossils. This poverty is doubt- 
less owing, in large measure, to the dolomitization of the lime- 
stone and the contact metamorphism to which most of the sedi- 
ments have been subjected. It is probable that a paleontologist 
if given sufficient time, could find more species than are recorded 
here, and a stratigi-apher would doubtless make further strati- 
graphic subdivisions. Partly on paleontologic, partly on lith- 
ologic grounds, the sediments of this region can easily be divided 
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into at least 6\e formations. Since three of tlieae cannot be 
definitely correlated witli previously described formationa it lias 
seemed advisable to use new formation names. The three forma- 
tion names proposed in this paper have been considered and 
approved by the United States Geological Survey's Committee on 
Geologic Names. Generalized vertical sections of the I'aleozoic 
sediinents of the two districts are given at the end of this chapter. 

CAMBRIAN SEDIMENTS 

SAW.\TCH QUABTZITB 

Near tbe northwest comer of the Tomichi district the granite 
is overlain by about twenty feet of quartzite which can be fol- 
lowed almost a mile along the strike of the bed. The rock is 
white and very bard and composed mainly of sand grains, one 
or two millimeters in diameter, in a siliceous cement. The 
<|uartzite is quite uniform in color and texture from the lowest 
ex[Kisure to the top. A small part of the formation at the base 
is covered by talus and soil. On the west slope of Lake Hill the 
same quartzite has been uncovered in two shallow prospect pits, 
and it is also seen in au inclined shaft on West Point. In these 
places the bed is jirobably less than five feet thick. A small 
remnant of quartzite is also exposed about three-quarters of a 
mile south of West Point, on a hill from which all the limestone 
has been removed by erosion. 

In the Monarch district this quartzite is not anywhere ex- 
posed at tlie surface. However, in the Clinton and Lilly mines 
north of Garfield and in the Evening Star tunnel on Monarch 
Hill, remnants of quartzite from a few inches to a few feet thick 
nmy be seen between the granite and limestone. 

Conditions of depotition. — The small amount of Sawatch 
(fuartzite remaining in this district is made up almost entirely 
of well-washed quartz sand. It was, therefore, probably deposited 
in shallow waters near the seashore. The granite floor on which 
this sand was laid down seems to have been reduced to a com- 
paratively flat surface before the sand was dejwsited. Certainly 
it was so i-educed before tbe deposition of the succeeding lime- 
stone after an erosion interval insufficient for the complete re- 
moval of the Sawatch quartzite. 
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Age. — No fossils have been found in this formation in tbc 
area under conaideration. Because of its stratigraptiic position 
and lithol<^c character, it is thought to be a remnaat of the 
lower divisioD of the Sawatch quartzite' which has been described 
from KTeral districts of central Colorado. Cpper Cambrian fus- 
ails' have been reported from the up|)er divisiou of the Sawatcb 
quartzite in most of these districts. 

OROOVICIAN SEDIMENTS 
TOMICHI LIMESTOXE 

The sediments referred to the Ordovician s.vstem comprise 
about 400 feet of limestone and quartzite, the former predom- 
inant. The basal part is limestone which lies qnconformablv 
OD the Bawatch quartzite where the latter is present, and which 
rests directly on the pre-Cambrian granite where that quartzite 
i.^ absent. These beds are well exposed in the Tomichi district, 
and for this reason tbe name Tomichi limestone is here pro- 
pped for the formation. Willi but slight variation in character, 
the limestone is continuous in most of the outcrops for 230 to 
290 feet. Near the top of this limestone, in at least part of tbe 
field, )s a more or less sandy bed about fifteen feet thick. A few 
feet above the sandj limestone is a persistent bed of quartzite. 
locally called "parting quprtzite." 

The "parting quartzite" varies from twenty to thirty-eight 
feet in thickness. It is succeeded by about 100 feet of limestone 
which grades into dolomitic limestone, followed by a few feet of 
argillaceous limestone and calcareous shale. For purposes of 
luappii^, the shale stratum has been taken as the upper limit 
of the Ordovician sediments. The following is a section of the 
Ordovician beds east of Garfield exposed along the creek : 
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Emmons, S. F. Tenmlle Folio (No. 4S). Geol. Atlas U. S.. U. S. Geol. Survey, 
1898. 

GIrty, G. H.. Carbonlleroua (ormallons and rauuas ol Colorado: Prol Paper 
U. S. Geol. Survey Xo. 16, p. HO. 

■Loccit. 
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Section of Ordovician sediments east of Oar/ield 

Feet 
II. Thick-bedded, DDii'Cherty, gray limestone, dolomltlc Id upper 

part about 100 

10. Tblck-bedded, bluish quartzlte, with limoDlte stain on surfaces 18.5 
9. Banded quartzlte, mostly white with blulBh-gray streaks; 
frequent specks of brown ferric oxide In the white quartzit«. 
Most of the quartzlte is coarse-grained 14 

5. Blulah quartzlte, coarsc'gratned, with siliceous cement 5 

7. Mostly tbtn-bedded limestone, partly cherty; contains a few 

feet of sandy limestone near the top 4G 

6. ThlD-bfdded, Ilght-gray limestone. Small fibers of asbestos- 
like mineral, probably tremollte. in upper part '' 9 

5. Thick-bedded, bluish-gray, cherty limestone 112 

. 4. One stratum of blue limestone, with a few small veins of 

calclte 2 

3. Thick-bedded, bluish-gray limestone, with chert nodules. 
Nodules are continuous in places and form seams up to three 
inches thick 60 

2. Tblok-bedded. blulsh-gray limestone 7 

1. Thin-bedded, blulsh-gray Itmestone. resting on granite 9 

3S2 
Limestone. — In the Garfield niine, east of Taylor Gulcb, the 
limestone below the "parting quartzite" has a thickness of 290 
feet; eaet of Garfield the thickness is about 260 feet; in the 
Eclipse mine, on Monarch Hill, the thickness is 235 feet. There 
in a gradual thinning as the limestone is followed toward the 
southwest extremity of the synclinal fold. On the west limb of 
the fold, from the Madonna No, 6 tunnel northward, the lime- 
stone is partly cut out by a fault. The Madonna No. 6 tunnel, 
which was started apparently very near the granite-limestone 
contact, cut the "parting quartzite" at ninety feet from the tun- 
nel entrance. Making allowance for the dip of the beds and the 
possibility of error in locating the contact between the granite 
and limestone, it is probable that the lower limestone is between 
eighty and ninety feet thick in this tunnel. North of the creek, 
a crosscut from the Monarch Contact tunnel and a drift follow- 
ing the west border of the "parting quartzite" for some distance 
show that the thickness of the limestone between the granite and 
quartzite is about seventy-five feet in this locality. In the Tomichi 
district the limestone below the quartzite has a thickness about 
equal to that of the same limestone east of Garfield. 

The reduced thickness south and southwest of Monarch points 
to one of two possibilities: (1) that the deposition of the lime- 
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Ktone in this vicinity- was leas than elsewhere, or (2) that more 
of tbe originallv deposited limestone had been removed by erosion 
l)rior to the deposition of the "parting quartzite." Because of 
tbe nearly uniform character of the limestone and tbe lack of 
paleontological evidence it is impossible to say which of these 
is the true explanation. In view of tbe abrupt change from lime- 
stone of varying thickness to a coarse siliceous quartzite it would 
seem probable that the quartzite lies anconformably on the lime- 
stone. 

In the Monarch distrit-t nearly all the Ordovician limestont* 
i» bluish-gray, very flne-textured, and thick-bedded. Excepting 
u few feet at the base, the limestone is strongly maguesian. Two 
analyses are given below: 
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Z 




3.24 - 

2.72 

1.80 

1.88 
4S.S0 
1.14 

.40.50 


3.68 
3.20 
0.64 
14.07 
34.33 
1.27 
42.54 


A1,0. 
Fe,0. 




































100.08 


99.73 


2 


Limestone S feet above iHiae. 
Limestone ZIU reet above base. 







Most of the limestone contains nodules of dark-gray cbert. 
Locally tbe chert may form a continuous band, having a maxi- 
mum thickness of about three inches. Above tbe "parting quartz- 
ite" there is comparatively little chert. West of Monarch, at 
(■ree Camp, and on the southwest slope of Missouri Hill, tbe 
limestone below the quartzite has been changed by metamorphic 
processes to a coarse, while marble. Much of the limestone of 
the Tomichi district in the same stratigraphic position is crys- 
talline, but not so thoroughly metamorphosed as that west of 
Monarch and on Missouri Hill. On Monarth Hill, a few feet 
below the "parting quartzite" is a good exposure of the sandy 
stratum observed in several outcrops. This stratum, which is 
here nearly fifteen feet thick, is composed mainly of arenaceous 
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4iiDe8toiie alternating with a few thin layers of calcareous sand 
stone. 

Quartzite. — Although this quartzite is often called "parting 
quartzite" by residents of the region, it is not intended here to 
attempt to correlate it with the Parting quartzite of the Leadville 
and Aspen districts. It is present on both sides of the divide, 
and is the best horizon-marker in the Paleozoic sediments. East 
of Garfield the quartzite is about thirty-eight feet thick. It 
gradually thins toward the southwest end of the synclinal fold, 
and thence jioithward. It is about twenty feet thick in the 
Madonna No. 6 tunnel on the west limb of the fold. About a 
mile northwest of Monarch Pass the quartzite is thirty-four feet 
thick. In general, the quartzite is fairly uniform in character. 
It is composed essentially of rather coarse sand grains with a 
eiliceous cement. It is commonly blue to gray on fresh surfaces, 
but weathered outcrops are generally white to reddish or brown. 

Near the northwest corner of the Tomichi district a small 
detached block of this quartzite was found, which shows on one 
face parallel to the bedding many impressions of cubes. The 
impressions are nearly a quarter of an inch across and have very 
smooth sides. That these are the impressions of fluorspar crys- 
tals is shown by the presence of a few remnants of fluorspar 
rubes. The fluorspar was apparently precipitated from a super- 
saturated solution of sea water on the sandy bottom. Around 
the crystals formed, more sand was deposited. After solidifica- 
tion of the sand, possibly within comparatively recent geologic 
time, most of the fluorspar was removed by solution. A careful 
search failed to disclose similar impressions in place. Although 
the phenomenon was perhaps local, the crystals had been closely 
packed in the specimen examined, thus showing a high concen- 
tration of the solution from which they were deposited. 

Shale beds or lenses, with a maximum thickness of about 
two feet, lie between quartzite strata in some of the exposures. 
These may be moi-e common than they appear to be, since they 
easily escape observation except where the loose material i" 
rapidly removed by erosion. 

Where the beds dip at a moderate angle the quartzite forms 
prominent outcrops as on Monarch Hill and northwest of Mon- 
arch Pass. Where the beds are nearly vertical the qaartzite 
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offers but little more resistance than does the limestone and is- 
t;onspicaouB only because of difference in color from that of the 
underlying and overlying limestone. 

Conditiotia of deposition.—^iost of the formation indicates 
deposition in clear water at considerable depth. Typical shore 
deposits are not present below the "parting quartzite," although 
the sea was probably shallower when the sandy stratum near 
the top of the lower limestone was laid down. The greater part 
of the "parting quartzite" was probably deposited in shallow 
water near the shore. The shale lenses in this quartzite suggest 
a greater removal from shore or storm conditions on the land, 
or both. There was evidently a return to clear-water conditions 
while most of the upper limestone was being laid down. 

Affe. — The lowest beds of the limestone described have yielded 
HO fossllB. On Monarch Hill Helicotoma sp. and undeterminable 
cephalopoda were found fifty feet above the base. About ten feci 
higher, poorly preseri'cd specimens of Dalmanella, probably D. 
testiidinaria, were found. Rpeciflcally unidentified Orthocems 
specimens, much ailiciSed, were collected from the liraestouf 
about eighty feet above the base and upward to the "parting 
quartzite," Doctor Ulrich and Professor Henderson have each 
identified Rcceptacutitca oweni found in the limestone imme- 
diately above the quartzite and upward about fifty feet. Halii/iites 
catenulatus and small cup corals accompany the Rcceptaculitea, 
while the cup corals extend upward about 100 foet above the 
quartzite. 

It is probable that the upper limestone is not younger than 
the Trenton limestone of New York of late Middle Ordovician, 
or Mohawkian, time. The fossils from the lower limestone also 
indicate a Middle Ordovician horizon, though it is probable that 
there is a stratigraphic break at the base of the "parting 
quartzite." 

Fossil species collected are too few to justify a correlation 
(if the Tomichi limestone with type sections. It should be men- 
tioned, however, that Walcott's' list of fossils from the lower 



.dr,yGoogIe 



8BDIUBNTABT ROCKB 61 

part of the Fremont liinestoDe, near Canon City, Colorado, in- 
clndea ReceptacuUtes oweni and Halyaites catentilatus, botb of 
which have been found in the Tomichi limestone above the "part- 
ing quartzite," Neither of these species is noted from the Harding 
saodstone helow and ReceptacuUtes oiceni is not included in the 
list of fossils from the upper part of the Fremont limestone. 
The litbological character of the formation described suggests a 
possible correlation of the lower limestone member, the "parting 
qiiartzite," and the upper limestone with the Manitou limestone, 
Harding sandstone, and Fremont limestone, respectively.' 

DEV0NIAN-MISSIS8IPPIAN SEDIMENTS 
0UR.Vr LIMESTONE! 

The shaly bed about 100 feet above the "parting quartzite'' 
is taken as the base of the Ouray limestone as it is shown on 
the accompanying geologic maps. The upper boundary is placed 
at the base of quartzite and conglomerate beds 570 to 800 feet 
higher. The thickness of the Ouray formation, as here taken, is 
about 570 to 700 feet on Monarch Hill, 800 feet in Taylor Gulch, 
and 800 feet in the Tomichi district. This is much thicker than 
the described Ouray in other parts of Colorado.' The vertical 
range of the Ouray fauna on Monarch Hill is about 300 feet. 

The beds between the highest determined Ordovician horizon 
and lowest determined Devonian horizon' are less than 150 feet 
thick. They change rapidly in character vertically, being in part 
nearly pure lime carbonate and in part variably dolomitic, shaly, 
and arenaceous. Although one or more stratigraphic breaks may 
be present, the beds show no angular unconformity. 

There is no single exposure of the Onray limestone in the 
Monarch district suitable for the detailed measurement of an 
entire section. The lower half of the section given below was 
measured in the Eclipse No. 4 tunnel on Monarch Hill. The 
upper half was calculated from data obtained from surface 
observations. 



■Sw Plke'H Peak FoUo, U. S, 

'For name and Btratlgraphlc 

fauna of the Ouray llmeatone: Bull 
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BectUm of Ouray Hmestone on Monarch Hill 

Peet 

12. Gray to blue dolomltic limestone about 140 

11. Black dolomite about 40 

10. White to gray limestone, much of which weathers to yellow, .about 250 

9. Blue magneslaD limestone 21 

8. Blue limestone, mostly very flne-grained : coarsely crystalline In 

lower part, and containing imperfect casts of brachlopods 42 

7. Bluisb-gray siliceous limestone IS 

6. White dolomltic llmeatone 18 

5. Hard, mottled arglllaceoua limestone IT 

4. White dolomltic limestone G 

3. Dark-gray argillaceous limestone 12 

2. Hard, brown calcareous shale and mottled argiilaceoua limestone. . 7 
1. Crumbly shale 2 inches 

570 

Tlie basal jiart of the formation, for about eighty feet, is 
more or lens argillaceous or arenaceous. Much of it weathers to 
red or choeolate-brown. making it a good horizon -market in un- 
utetamorphoxed areas. Moat of the limestone is heavj-beddeO 
and, where not uietamorphosed, is verv dense. Excepting that 
Kouth of the railway in the Monarch distriit and in a compara- 
tively small ai-ea near the southeast corner of the Tomichi dis- 
trict the Ouray limestone is nmre or less coarsely crystallized. 
The limestone ia mainly gray to blue on fresh surfaces. Weath- 
ered surfaces are generally gray, hut on Monarch Hill much of 
the limestone weatbei-s to yellow or nearly white. About 150 feet 
below the top of the foruuition is a bed of black dol<(mite twenty 
to forty feet thick, No. 11 of the section, ^outh of Monarch, 
wliei-e it is not coarsely crystallized, the black dolomite carries 
many fossils. Near the head of Taylor (Julch this rock is thor- 
oughly metamorphosed and cannot be distinguished from the 
other beds. In the Tomiehi district it is dark gray to black and 
coarsely t-rysfalline. No fossils were found in the Ouray forma- 
tion above the black dolomite, but since the overlying limestone 
is strongly dolouiitic and appears to be conformable on the black 
dolomite it is included on the map with the determined- Oura.^ 
beds. 

Although nearly all of the Ouray limestone is magnesian or 
dolomltic, about half-way up in the formation is a bed composed 
of almost pure calcium carbonate. At Garfield, wliere it is ex- 
tensively quarried for flux, this bed is nearly 100 feet thick, is 
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mostly blue in color and thoroughly crystallized. The table 
below gives analyses of two samples of limestone and one of 
dolomite from the Ouray formation. For comparison, the theo- 
retical composition of normal dolomite, CaCO^.MgCOa, 'f also 
given. 

Analynes of limestones and dolomite by B. M. Butters, and theoretical 

composition of normal dolomite 





.1 

tS.lG 

1B.34 
3.81 
3.94 

25.SS 
8.28 

24.62 
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0.12 

i .... 

13.55 
38.58 

2.3(1 
45,32 


0.34 
0.16 
20.07 
32.12 
0.00 
47.37 








MgO 

CaO 


21.9 
30.4 












100.03 


100.05 


lOO.OG 


100.0 



. Arslllaceous limestone rrom 

. Magnealan limestone. 240 fee 

Black dolomite. No. II of sec 

. Theoretical composition of n^ 



The following tahle gives analyses of Ouray limestone by the 
<hemist of the sugar factory at Rocky Ford: 



Analyses of Ouray limestone 
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Insoluble 


0.54 


0.18 


0.24 


1.4S 


3.60 


6.67 


AUO., Pe,0. ... 


0.25 


0.22 


0.70 


0.83 


0.63 


1.00 


MgCO, 


1.48 


0.80 


2.95 


41.93 


40.60 


34.73 


CaCO, 


98.31 


B8.54 


9G.67 


56.49 


55.80 


56.17 


Undet 




0.2C 








2.43 




100.58 


100.00 


100,56 


100.70 


100.63 


100.00 



Limestone about J50 feel weat of 
Dolomite 40 feet west of No. 3. 
Dolomlle 4U feet west of No. 4. 



It is probable that the stratum from which No. i was taken 
is the same as 11 of the section. 

In several places the dolomitic limestone near the top of the 
formation is succeeded by one or several beds of shale which is 
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here included Tcith the 0\ira,y. The thickest sbale bed observed 
is exposed east of Gnrfleld on the north Bide of the creek. Here 
the limestone is overlain by a two-foot stratum of quartzite which 
is in turn followed bj fonrtoen feet of shale. Massive garnet 
and graphitic marble have been developed in considerable quan- 
tity in this zone west of the head of Taylor Gulch. Shale Is also 
seen above the dolomitic limestone east of Monarch at the portal 
of the Great Monarch tunnel, and in many prospect boles in the 
Tomichi district. Just south of Monarch this sbale is absent, 
owing probably to removal by erosion prior to the deposition of 
the succeeding supposed Pennsylvanian beds. 

Conditions of deposition. — Nearly all the Ouray formation 
was laid down in a clear, quiet sea, and hence probably at con- 
siderable distance from the shore. The virtual absence of mechan- 
ical sediments indicates tliat the streams were bringing from the 
probably base-leveled land area considerable material in solution 
and very little in suspension. There is no satisfactory evidence 
at hand by which the time of dolomitizatioD can be determined. 
Toward the close of Ouray time, a relative elevation of the land 
or storm conditions, or both, enabled the streams to carry chiefly 
suspended material which now constitutes the shale near the top 
of the formation. 

Age. — Girty,' has recorded the following Devonian fossils 
lolleoted by Eldridge from the Ouray limestone of Monarch Hill : 

Monotrypella ap. 

Schtzopboria BtrlBtu1a=S. strlatula var. australls Kindle' 

Orthothetes chemungenBls^SchucbertetU cbemungensls (Conrad) Kindle ' 

Orthothetes chemungensls var. 

Productella Bemlg1obosa=P. coloradoenels Kludte* 

Productella subalata? 

Productella Bubatata var. 

Atbyris coloradoensls 

Splrifer diajunctuB var.anlmaBenslB^S. whltneyl var, anlmaaeuBls (Glrty) 

Kindle " 
Camarotoecbia endUchl (Meek) Scbucbert 
Camarotoechla contracta? 
Straparollus clymenlOldeH? 
Orthoceras Bp. 



y No. 391. 1309. i 
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Kear the portal of the Eclipse No. 3 tunnel on Monarch Hill 
many fossils are, found in the limestone, ifhich is here very dense 
and emits a bituminous odor when broken. Since the limestone 
shows no bedding the exact dip and stratigraphic position are 
indeterminable. It is probable, however, that the lowest fossils 
are found. eighty to 100 feet above the pink, sbaly bed which is 
here taken as the base of the Ouray limestone. The following 
genera and species were collected from this limestone: 
Monotrjpella sp. 

Scbleopboria etrlatula var. auBtralls Kindle 
Scbuchertella chemungensfB (Coorad) Kiodle 
Athyria coloradoensie Qlrtf 

Splrffer whltueyi var. HnfroaBensls (Olrty) Kindle 
Camarotoechia endllchl (Meek) Schuchert 
Camarotoechta contracta (Hall)? 

On account of the structureless character of the limestone 
on the dip slope where these fossils were found, it is difficult to 
determine the thickness of the fossiliferous zone. It is not likely, 
however, that the fossils range through more than fifty feet. 
A few poorly preserved specimens of a gastropod were collected 
from the limestone about fifty feet below the black dolomite and 
approximately 200 feet above the beds which contain the fossils 
noted above. These have been generioally identified with some 
uncertainty by Professor Henderson as Straparollus. 

The Mississippian fossils collected by Eldridge from the black 
' dolomite sonth of Monarch and dcsoribed by flirty,' are: 
STiingopora aculeata Olrty 
Syrlngopora aurcnlarta Qlrty 
Spirlfer centronatus Wlnchell 

The bed in which these fossils were found, flirty correlates 
with the Carboniferous portion of the Leadville limestone, which 
he refers to early MissiHsippian age.* 

In the course of the present survey the following were col- 
lected from the same bed : 

Zapbrentia ep. 
Streptel&Bma? sp. 
Syrlngopora acu1«ata Qlrty 
Syrlngopora aurcularla Glrty 
SplHferlna solldlrostrtB Whi,te 

'Qirty.G.H.,Carbonl[erouB formatlona and raunas of Colorado: Prof. Paper, 
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Near the Dnvid H. mine in the Tomichi district where the 
Mack Ooloinite is tliorouglily cryatallized, Surcularia and cup 
corals are abundant. 

(jirty,' in 1900, summarized the early literature on the 
Devonian of Colorado and destribed the fauna of the Ouray lime- 
stone, which he considered representative of late middle or early 
upper npvonian time. More i-ecently Kindle'' brought the sum- 
mary of the literature up to date and farther described the 
Devonian fauna which, he states, represents an Upper Devonian 
horizon. Kindle also gives lists of Mississippian fossils from the 
upper part of the Ouray limestone and discusses the stratigraphic 
relations of the two faunas. He shows that the two faunas arc 
distinct and points out Uthoiogic diflferences between the upper 
and lower parts of the Ouray limestone. 

In the Monait'h area no Devonian species have been found 
in the black dolomite, nor were any MittEissippian species found 
below this bed. Careful scar<h was made for fossils in the linie- 
«lone immediately below the black dolomite, in order to determine 
whether or not the sharp litliologic change here might mark the 
division between the Devonian and Mississippian systems. But 
no specifically determinable fossils were found between the fos- 
sjliferous zone near the base of the Ouray and the black dolomite 
of Mississippian age. The apparent scarcity of fossils in this 
|rart of the formation agi'ees with KindleV observation that the 
two faunas are generally, if not always, separated in the sections 
by beds which are quite barren. 

PENNSYLVANIAN SEDIMENTS 
GARFIELD FOKMATION 

The name Oariield formation is here proposed for the sedi- 
ments including conglomerate, quartzite, sandstone, shale, and 
limestone, which overlie the Ouray limestone with apparent un- 
conformity. The thickness of this formation is about 2,600 feet 
west of Taylor Gulch, and about 2.800 feet on Syncline Hill. 
In the Tomichi district the thickness is only a few hundred feet; 
here erosion has probably removed much more than now remains. 



'Kindle. E. B 

ji. Survey No. 3 

■Op. dt., p. 1 
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At the base are quartzite and coDgtomerate beds about thirty 
feet thick. East of Oarfleld, along the creek below the Lilly tram 
tei'minal, the following section is exposed : 

Section of basal part of Oarfleld formation east of Oarfleld 



Fine-grataed, gray quartzite 

Blulsb quartzite conglomerate, containing chert pebbles up t 

Inch In diameter aod smaller quartz pebbles 

Fine-grained, dark-blue quartzite 

Very coarse, dark-blue quartzite overlying 14 feet of shale 



About 300 feet northeast of the Fairplay mine at Monarch 
the basal member of the Oarfietd reets on the Ouray limestone 
with no intervening shale. In the outcrop, which is small, the 
following section was measured: 

Section of basal part of the Oarfleld formation at Monarch 

Feet 

Coarse quartzite conglomerate, carrying chert pebbles G 

Dark-gray siliceous limestone ,3 

Chert conglomerate (chiefly chert pebbles with' small amount of 

dolomitlc matrix) 2 

Gray limestone with marcaslte concretions; sandy near top 3 

Intraformatlonal conglomerate (blocks of gray limestone, 6 inches 

In diameter. In a matrix of coarse quartzite) 3 

Bluish-gray limestone 2 

Gray limestone with marcaslte concretions S 

Coarse, blue-gray quartzite (lower 2 feet conglomeratic, having chert 

pebbles up to 1 inch In diameter) 7 

Excepting the two smarll outcrops in which the above sections 
were measured, there is no good exposure of the basal pai-f of 
the Garfield formation in the Monarch district. West of Taylor 
Oulch the relations between the Ouray and Garfield formations 
have been obscured by contact metamorphism which has resulted, 
in one place, in a mass of garnet thirty-five feet thick, besides 
several smaller seams. In the Toniichi district there is no good 
outcrop of the basal part of the Garfield formation, but the 
horizon can be readily traced by the aid of dumps at numerous 
prospect holes which show ([uartzite, conglomerate, and black 
shale or graphitic material. 

The first 700 feet of sedimertts which overlie the quartzite 
and conglomerate mentioned is mainly black shale with com- 
paratively thin strata of quartzite and impure limestone. In the 
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Monarch district tbe shale is mostly cOTered by superficial mate- 
rial, and only isolated outcrops may be seen. In the metamor- 
phosed areas vest of Taylor Gulch and in the Tomichi district tbe 
shales vary from ordinary indurated shale to homfels. 

Beginning at about 750 feet from the base of the formation 
and extending upward nearly 200 feet, the sediments are chietly 
interstratified limestone and black shale, Tbe shale, which ex- 
ceeds tbe limestone in quantity, is more or less calcareous. The 
limestone varies from bluish-gray, fairly pure limestone to black 
shaly limestone. The fossils noted below were found in these 
shales and limestones. 

The middle third and upper third of the formation are made 
up of shale, shaly limestone, and qnartzite or sandstone. The 
middle third is more calcareous than the upper third, while tbe 
upper third contains more sandstone and quartzite. Any of the 
rocks named may he in comparatively thin layers, or in beds 
twenty feet thick or more. 

Much of the shale is calcareous and, where very hard, is 
difficult to distinguish from the black limestone. Many of the 
shale beds on Syncline Hill have been altered to cordierite hum- 
tela and closely resemble the qnartzite in appearance. They can 
usually be distinguished from the quartzites by their greater 
hardness and their metallic clink under the hammer. Weathered 
surfat-es of the metamorphosed shale are commonly stained brown 
by iron oxide. 

The limestone vitries from a dense rock showing bedding, to 
structureless graphitic nmrbie. The dense variety very commonly 
shows many disseminated grains of marcasite. 

Very little true sandstone is present but quartzite ts com- 
mon in the upper part. It varies in texture from fine to coarse, 
hut could scarcely he called conglomeratic. Dark blue is perhaps 
the prevailing color of the freshly broken rock. Some beds, how- 
ever, are light gfay; others, owing to the presence of graphite, 
iire nearly black. Weathered surfaces are commonly brown. On 
the east shoulder of Taylor Mountain much of the quartzite has, 
on weathered surfaces, the appearance of the ancient schists. 
This is caused by tbe segregation of the dark minerals, which 
include much biotite, along bedding planes. 

Conditions of deposition. — Tlie Garfield formation was almost 
entirely laid down in shallow water. Progressive subsidence 
relative to the adjacent land, with probable temporary halts, 
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chnracterized the submerged area during the accumulation of 
nearly 3,000 feet of sediments. The basal member is essentially 
a shore deposit, consisting mainly of well-washed sand and some 
(jravel now consolidated. The carbonaceous material near the 
middle of the basal quartzite beds indicates an adjacent base- 
leveled land area. 

The shale strata, about 700 feet thick, which succeed the 
basal quartzite, record flood conditions on the land or off-shore 
deposition, on both. The overlying limestone strata, which were 
deposited in comparatively clear water, form a very small frac- 
tion of the entire formation. These are more or less impure from 
the admixture of clayey and carbonaceous material and alternate 
with beds of shale. The upper part of the formation records 
many changes which may include variations in depth of water, 
in currents, in relief of the land, and in climate. In general, 
however, there seems to have been a more or less gradual shoaling 
of the water toward the end of this epoch of sedimentation. 

Age. — The lowest bed in which Pennsylvanian fossils were 
found is about 750 feet above the base of the formation. Professor 
tfenderson has identified the following genera and species col- 
lected between this horizon and one about 200 feet higher : 

1. Fenestella sp. 

2. Rhombopora lepldodendrotdes Meek 

3. Chonetes gelnltzeanus Waagea 

4. Choaetea ap. 

5. Derbya? Bp. 

6. ProductuB aemlretlculatus var. Hennosanus 

7. Productus InflBtuB McCfaesney 

8. Productua cora d'Orblgny 

9. Splrlfer rockmoatanua Marcou 

10. Splrirer ap.. the form commonly referred to S. boonenais Swallow 

11. Avlculopecten ap. 

12. Pseudomonotia ap. 

13. PleuropborouB subcostatus Meek and Worthen 

14. Bdmondia cf. glbbosa GelniU 

15. Calamltea ap. 

Nos. 4, 7, 8, lit, and 14 *ere collected from the upper part 
of a hard shale bed about twenty-five feet thick, the lowest out- 
crop shown in Plate XII ; Nos. 11 and 12 were found in the talus 
near by. No. 7 was also found about forty feet higher in the 
apper part of a shale bed and lower part of an overlying lime- 
stone stratum. Nos. 8 and 9 were collected from a blue limestone 
about six feet higher. Nos. 1, 2, 3, 5, 6, 7, 8, 9, and 10 were col- 
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lected from what is apparently the same zone near tbe fault 
towai-d the west where the beds stand vertical. The specimens 
(if Calamitea were found in a black shale near the fault about 
200 feet higher stratigraphically than the lowest fossil-bearing 
horizon. 

These fossil-bearing strata are referred to the PennsylvaDian 
system, without an attempt to correlate them specifically with 
aoy of the described formations of other areas. The underlying 
beds, about 750 feet thick, which apparently uncoirfonnably over- 
lie the Ouray limestone, are included provisionally with the 
known Pennsylvanian strata with which they are conformable in 
l>edding. It is possible, though not probable, that these tower 
beds may io part belong to the Mississippian system. According 
to Girty,' all the known Mississippian sediments of Colorado 
represent only early Mississippian time. Elevation and erosion 
preceded the deposition of Pennsylvanian sediments. It is highly 
probable that the quartzite and conglomerate at the base of the 
Garfield formation are the oldest Pennsylvanian rocks in tbe 
region. Since no unconformity has been observed in that part of 
tbe Garfield formation which overlies the beds containing fossils 
it is also provisionally included with the determined Penusyl- 
vanian. 

PERM0-PENNSYLVANIAN(7) SEDIMENTS 

KANGAROO FORMATION 

For ail the sedimentary rocks which overlie the Garfield the 
name Kangaroo formation is here proposed, after Kangaroo 
Gulch where the lowest beds are well exposed. This formation 
reaches its maximum development along Middle Fork where it 
has an apparent thickness of about 3,000 feet. It is possible that 
some of the strata are repeated as the result of faulting, thou^ 
no evidence of faulting which could produce such an effect has 
been observed. Since the formation has been cut off by the quartz 
inonzonite intrusion the original thickness was probably even 
greater than the present. Talus, glacial deposits, and soil cover 
the greater part of these beds. Where exposed, most of the strata 
dip steeply toward the west or stand vertical. Locallj' they are 
slightly overturned, dipping east a few degrees from vertical. 
On Syncline Hill the formation is only about 450 feet thick; th<' 



' Prof, paper U. S. Geol, Survey No. 16. 1903, p. 170. 
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greater part has been removed bj erosion. If any part of tbe 
formation was deposited in tiie Tomichi district, it has been com- 
pletely removed by faulting and erosion. That these beds formerly 
extended across the divide into that district is indicated by large 
masses of sediments, having similar mineral and textural char- 
acter, inclosed in the volcanic breccia south of Vulcan Mountain. 

The conglomerate at the base of tbe Kangaroo formation 
overlying tbe Garfield shales indicates an unconformity. No very 
good evidence of an angular unconformity was found, but this 
may be because of the poor exposures at this horizon. The upper 
part of the Garfield formation is commonly covered with talus. 

The Kangaroo formation is composed essentially of quartz- 
ites,coDgIomerates,and metamorphosed shales. Unmetamorphosed 
sandstone is practically absent. The rocks are generally gray, 
often with brown, blue, or light-green tones. The commonest rock 
is coarsegrained quartzite, which is in many beds very feldspathic, ■ 
The microscope shows abundant finely crystallized biotite filling 
the interstices in some specimens, indicating a ferruginous cement 
in the original sandstone or arkose. Other specimens contain no 
biotite, but considerable epidote and much tremolite have been 
developed through metamorphism. These minerals point to a 
somewhat caleareons cemept in part of the original sediments. 
Near the lower part of the formation quartzite conglomerate is 
found at several different horizons. The pebbles of the conglom- 
erate range in size from a fraction of an inch to at least three 
inches in diameter. The smaller pebbles are chiefly of quartz; 
the larger ones are of granite. The shales and their metamorphic 
equivalents are commonly dark in color. They range from very 
hard sbale, in which the development of metamorphic minerals 
is not noticeable to hornfels which often carries abundant cor- 
dierite in small grains. 

There is no exposure of a complete section of this formation. 
The most prominent outcrop is in a small area on the slope east 
of Kangaroo Gulch where the beds are vertical and stand out 
prominently above the surrounding sliderock. Here, and west of. 
the gulch, the following section was measured : 

Lower part of Kangaroo formation 

reel 

15. Quartzite and quartzite conglomerate, chiefly; partly covered 400+ 

14. Covered, gulcb 250 

13. Quartzite and quartzite conglomerate 60 

12. HomfelB 35 
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11. Calcareous sandBtone or sandy marble, with Ilmonlte concretions 

and If montte stain 2 

10. HomfelB or Indurated ahale 15 

9. Medium-grained white quartzite 8 

S. Indurated shale 2 

7. Quartzlte 30 

G. Medium to coarse quartzlte; contains beds with pebbles one-fourth 

Inch in diameter 12 

S. Cordlerite horufels, containing marcaslte or pyrlte G 

4. Quartzlte conglomerate, having pebbles up to one Inch In diameter. 0.6 

3. Coarse quartzlte 45 

2. Homfels, part of which carries abundant cordlerite 40 

1. Coarse quartzlte 6+ 

On the divide nortli of Clover MouDtain tlie volcanic breccia 
incloses large niaHRps of arkoBe and sandstone ranging from liglii 
green isli -gray to deep red in color. These rocks ai-e but very 
sliglitly metamorphosed and have a cement whicli ia in part oal- 
cai-eous. They may be considered the unmetnniorphotied eqtiiva- 
lent of many of the quartzites farther east. 

Conditions of deposition. — By far the greater part of this 
formation was deposited near or along the shore in shallow water. 
The several conglomerate horizons iu the lower half indicate tlie 
advance of the sea o\er a surface od which much debris had 
accumulated. The large proportion of arkosic quai-tzite affords 
evidence that mechanicai disintegi^tion preponderated over decay 
in the weathering of tlie exposed rocks. The many shale beds 
suggest periods of deposition in deeper water or more complete 
decomposition of the land surface, owing probably to a low relief. 
Calcareous material is very subordinate in amount in the sedi- 
ments, and where it is present the bulk of the rock is sand or 
shale. The clear waters necessary for the deposition of limestone 
were not present aa in the older Paleozoic sea. 

Age. — Since no fossils have been found in this formation its 
age is undetermined. An attempted correlation with formations 
of other districts, based on lithologic character and stratigraphic 
position, would be but little better than a guess. Excepting the 
color, it is litUologicaliy similar to the Rico and Cutler' forma- 
tions of the San Juan region and to the upper division of the 
Maroon' conglomerate of the Crested Butte quadrangle. 



'U. S, Geol. Survey, FoUoB 120, ISO, 131, 16J. 

Cross. W., and Hove, E.. The Red Beds of souttiwestera Colorado: Bull 
Geol. Soc. America, vol. 16. 1905. op. 447-'19S. 
•Folio 9. U. 8. Geol. Survey 
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It is not improbable that the original sedimeDts were at least 
in part reddish, as suggested bj the quantity of secoodar; biotite 
in some of the beds and b; the red sandstone inclosed by the 
volcanic breccia north of Clover MooDtain. It has been observed 
that where the Maroon formation has been metamorphosed* the 
rocks have lost their red color' and become greenish. 

The fitratigraphic position with reference to the underlying 
PenDsylvauian sediments and the similarity to the Maroon con- 
glomerate, taken with the geographic position, are the reasons 
for doubtfully referring the Kangaroo formation to the Permo- 
Pennsylvanian. 

'Folio t, U. S. Geol. Burvoy. 
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HANGABOO foemation. 

Mainly arkosic aandstone and conglomor- 
ate with intercalated shale beds. Quartz 
monzortite hasWn ifitruded intoand 
acroaa The formation. 
Ail the sediments are coneidarably 
metamorphooed . 



aVBFIELD FOEMATION 
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shale beds 



Oominantl)' ahale with some quartzitv. 



Chiefly limestone. 
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c-f^f i^ Quartzite and conglomerate. 
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POST-CARBONIFEKOTJS IGNEOUS BOCKS 

For the coDveoieDce of miners, mining eogineere, geologists, 
aod other field-workers, a description of the megascopio ohur- 
ai-ters of eacli of the post-Carboniferous igneous rocks is given 
in this chapter. Definitions are included for those who liave had 
no training in petrography. More detailed descriptions, together 
with notes on occurrence and age relations, are given in the 
chapter on petrography. 

AQE 

Except the monzonitic vurietY of qnartz diorite in the stock 
near Monarch, all the rocks described in this chapter are shown 
by field relations to be younger than the early Paleozoic sedi- 
mecnts, and nearly all are demonstrably younger than the 
youngear Paleozoic strata of the region. They are intrusive in 
and have cut through all the Paleozoic beds which ha\'«, as a 
consequence, undergone much contact metamorphism. Since the 
youngest detei-mined Pennsylvanian beds are overlain by 5,000 
feet of sediments which are probably in part Permian the 
igneous rocks may, with reasonable certainty, be considered post- 
CarboniferouH. The quartz diorite of the Monarch and Tomichi 
districts is one of the oldest, if not the oldest, of the post-Car- 
boniferous rocks here considered. This is very similar to the 
diorite of the Elk Mouutains, which, according to Cross,'- pene- 
trates the Montana Cretaceous strata in the form of a stock. 
Emnions' shows that the Elk Mountain intrusive are of post- 
Laramie age. It is therefore probable that the oldest post- 
(.'arboniferous iutrusions of the Mon«n;h and Tomichi districts 
are not younger than post-Cretaceous. It is not improbable that 
most of the minor intrusions of the region are very much younger 
than the earliest post-Carboniferous plutonic rocks, Oerta^inly 
the extrusive rocks on Vulcan and Central mountains bear evi- 
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dence of being erupted after erosion bad removed mncb of the 
probably thick, original cover of the plutonic intrusions. 

The relative age of each of the Important rock types, 
in BO far as baa beeo determined, is stated in the chapter 
on petrography. 

QUARTZ DIORITE 

Definition. — Diorite is a granular igneous rock composed 
essentially of soda-lime feldsiiar and one or more dark minerals 
of the mica, amphibule, and pyroxene groups. The soda-lime 
feldspar is most coiiimonly nndesine or labradorite, and usually 
exceeds the dark minerals in amount. If the diorite carries 
several per cent of quartz, usually accompanied by considerable 
orthoclase and biotite, it is called quartz diorite. With increas- 
ing orthoclase, the quartz diorites grade toward the quartz mon- 
zonites. In this paper only those rocks whose orthoclase is less 
than one-third the total feldspar present, are classed as quartz 
diorites.' 

Oceurrcttce and fh-stription. — Typical quartz diorite is found 
in a stock on the southeast slope of Lost Mountain and in a 
smaller stock on the southwest slope of Mount Stella. A rock 
which contains a larger proportion of orthoclase and less quartz, 
and hence moi-e moczonitic, forms a small stock about a mile from . 
Monarch toward the northwest. 

The fresh quartz diorite of Ijout Mountain and Mount Stella 
is dark bluish-gray, while weathered surfaces are a dull brownish- 
gray. The rock is fine-grained, but the unaided eye can readily 
detect abnndnnt feldspar and numerous bright cleavage faces of 
black mica. The total amount of dark minerals which, as the 
microscope shows, iDclude augite and hornblende, is greater than 
that of any other post-Carboniferous rock in the region. The 
grains have an average diameter of not more than one-sixteenth 
of an inch. 

The monzonitic variety, near Monarch, is lighter in color and 
somewhat coarser in texture than the Lost Mountain quartz 
diorite. In this rock also the unaided eye can readily recognize 
a lai^e proportion of white to gray feldspar and numerous 
cleavage faces of black mica. With the aid of a lens fine parallel 
lines may be seen on some of the feldspar cleavage faces. The 
lines are caused by repeated twinning of the crystals and never 
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occur in orthoclaBe. Their presence is the best criterion for the 
determi nation of plagioclase in the field. The microscope shows 
that this roclc is very similar in compoaitiou to the "Salida 
granite" (monzouite) which is extensively quarried at Salida for 
building-stone. 

In a small area near the west border of the Monarch stock 
the rock is mottled with alternating light pink and dark greenish- 
gray patches. The dark patches are segregations of the dark 
minerals and plagioclase, while the pink ones are composed pi-in- 
cipally of orthoclase and quartz. 

QUARTZ MONZONITE GNEISS 

Definition. — The name quartz nkonzonite was used by 
Br&gger' for granular acid rocka between granites and quartz 
diorites in composition. Brogger's typical acid quartz monzonite, 
or adamellite, was evidently characterized by approximately 
equal amounts of orthoclase and plagioclase, with considerable 
qaartz and subordinate mica, amphibole, or pyroxene. The name 
has been used in America in recent yeafs to include rocks which 
have plagioclase much in excess of orthoclase. In this paper 
only those rocks whose feldspar is at least one-third orthoclase 
and whose plagioclase is one of the soda-lime series, are included 
in the quartz monzonite family. Acid rocks, whose feldspar is 
exclusively alkalic, even though half of it may be plagioclase 
(albite), are here placed in the granite class. Since many quart/, 
monznnites can be distingaished from granites only by micro- 
scopic study of thin sections, in the field they may be con- 
veniently called granites. Quartz monzonite gneiss is a granular 
rock that has the composition of quartz monzonite and a pro- 
nounced gneissic structure. 

Occurrence and deacrtpd'on.— The quartz monzonite gneiss 
is exposed throughout a long and narrow area east of Shavano 
Mountain and over a larger area northeast of Mount Etna. A 
small body of what isprobably a less acid facies of this rock may 
be Been on the northeast slope of Clover Mountain. Smaller 
masses are found, in various parts of the area mapped, as in- 
clusions, or xenoliths, in the later igneous rocks. On the south- 
west slope of Calico Mountain a remnant of sedimentary rocks 
is in contact with a small body of the intrusive gneiss. 



■BrSsKer, W. C„ Die BrupUonsfolBe der trfaaiachen Eruptlvges 
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In the general area in which the gneiss is found it is the 
oldest postCarbonifei-ous rock now exposed. It was intruded 
as a stock which has evid<?ntlj since been split and dissected by 
intrusions of quartz monzonite and other rocks. 

The gneiss is very coarse-grained, and almost uniformly 
shows a lenticular or foliated texture (PI. XI). The naked eye 
readily recognizes feldspar, quartz, and biotit'e. The lenses, 
which range from a fraction of an inch to two inches, or wore, 
in diameter, are commonly composed of a granular aggregate of 
quartz and feldspar. However, a single crystal of feldspar may 
be lenticular in outline because of having been pinched at the 
extremities. Occasional crystals of feldspar two 1o three inches 
long have escaped crushing. These are distinguishable by their 
uniform rellection of light from fresh cleavage faces, A few 
crystals are twinned, and the light is reflected to the eyfe from 
only half the crystal at once. The biotite, which forms but a 
small fraction of the rock, is segregated in bands and bunches. 
PRINCETON QUARTZ MONZONITE 



Name and occurrence. — Siuce there are two types of quartz 
monzonite in the i-egion considered, it is necessary to give each, 
in this bulletin, a distinctive name for purposes of reference. 
The most abundant post-Carboniferous igneous rock in these 
districts is the quartz monzonite composing most of the batholitb 
which is mainly north of the area surveyed. Since this type 
makes up the bulk of Mtiunt Princeton, which is north of the 
mapped urea, it is here called the Princeton quartz monzonite, 
while the batholitb itself will be designated the Princeton batho- 
lith. This quartz monzonite is exposed throughout a large area 
north of the mapped region and extends southward into both 
the Monarch and Tomichi districts. The typical and reasonably 
fi-esh rock may be seen in the vicinity of Whitepine, on Taylor 
and Shavano mountains, and in Jennings Gulch. Several small 
stocks of the same quartz monzonite are found in the vicinity of 
Taylor Mountain and Cree Camp, while a larger one is exposed 
about a mile southwest of Clover Mountain, The Princeton 
quartz monzonite was intruded after the quartz diorite and 
quartz monzonite gneiss had crystallized, and is probably also 
younger than the Pomeroy type of quartz monzonite. The 
largest body of quartz monzonite in the Monarch district is dike- 
like in form, and is really an apophysis of the Princeton batho- 
litb. This dike-like mass seems to have been intruded at the 
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?»ordcr of the gueiRe Ktock near its southwest extremity, but id 
the vicinity of Khavano Sliouiitaiu it has cut through the giieisN 
stock. 

Description.— The Prinrefon qunrtz moazoDite is commonly 
light gray both on weathered surfaces and fresh fractures. In 
the Tomichi district, however, particularly west and northwest 
of Whiteiiine, fresh fracture faces are commonly a blaish-gray, 
owing to the presence of a; large proportion of plagioclase of 
this color. 

The grain is medium to coarse and quite uniform except 
for an occasional pink feldspar phenocryst with ^ maximum 
diameter of about one iucb. Feldspar, quartz, biotite, horn- 
blende, and titanite can be seen with the naked eye in almost 
every specimen. The feldspar can be distinguished from quartz 
by means of the cleavage faces. Twinning striie can sometimes 
be seen ou the plagioctase cleavage faces, while the simple 
Carlsbad twinning, like that in the feldspar crystals of the 
gneiss, is found in both orthoolase and plagioclase. In some 
places both the orthoclase and plagioclase are white. In others 
the orthoolase has a pink tone, while the plagioclase is white or 
bluish. The hornblende can usually be distinguished from the 
biotite by means of its duller luster and less perfect cleavage. 
The titanite is honey-yellow in color and is in very small,, well- 
shaped crystals sparingly scattered through the rock. 

Throughout the greater part of the Chalk Creek district this 
rock, in so far as it has been observed, docs not differ greatly 
from the quarts monzonite of the Monan-h district. However, in 
Grizzly and Pomeroy gulches the rock becomes more granitic in 
composition near the southeast border of the batholith. 
POMEROV QUARTZ MONZONITE 

The Pomeroy quartz moiizonite, so called in order •'o distin- 
guish it from the Princeton U[>o, is exposed over a large area in 
the northwest part of the Monarch district and adjacent part of 
the Chalk Creek district; Pomeroy Mountain is almost entirely 
formed of this rock. The same exposure continues to the Tomichi 
district, where it is found as a narrow strip on the west slope of 
Van Wirt Mountain. .\ large inclusion of the same rock is found 
in the granite in Browns Gulch. It is probable that this detached 
mass was separated from the larger body by the granite intrusion. 

The rock is pinkish-gray to bluish-gray, and carries a great 
number of small, bluish-gray plagioclase crystals which fre- 
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quenfly show twin Btriations on lustroos cleavage faces. In the 
band specimen may also be seen pinkish to white orthoclase. 
chloritized hornblende, a few biotife crystals, and occasional 
pyrite grains. With the aid of a strong lens quartz may be seen 
intergrown with the orthoclase. Near the east border of the 
larger area the rock is finer in testure, (]e<:idedly porphyritic, and 
carries a larger projKirtion of quartz. Along the east border also, 
wherever this porphyry is exposed on the ridges, as at Pomeroy 
Pass, it is much stained bv red and brown oxides of iron. 



Definition. — Granite is a granular igneous rock whose char- 
acteristic minerals are alkali feldspar and quartz. These min- 
erals are commonly accompanied by soda-lime feldspar, mica or 
amphibole, and more rarely by a pyroxene. The name was 
formerly used for some rocks that are now classed with the 
quartz monzonites and quarts', diorites, and it is still so used, at 
times, as a field uame for these rocks. 

Occurrence and description. — The post-Carboniferous granite 
forms a stock which extends from the south side of Browns 
Gulch northward about two miles to White Mountain, and pos- 
sibly farther. A smaller stock is found on the south slope of 
Shayano Mountain. 

The rock is almost uniformly coarse in texture, and contains 
white feldspar with sometimes a pink tinge, quartz, and biotite 
which can be readily determined with the naked eye. Feldspar 
makes np nearly two-thirds of the rock and quartz nearly one- 
third, while biotite is almost negligible in quantity. The granite 
is practically white, and may be seen from a long distance. In 
watercourses and on gentler slopes fragments of the disinte- 
grated granite form a white bed which is almost blinding in the 
sunlight. 

On White Mountain miarolific cavities in this granite have 
furnished a variety of gem minerals, including aquamarine, 
topaz, and phenacite. 

ETNA QUARTZ MON20NITE PORPHYRY 

Definition and name. — A porph\Ty is an igneous rock that 
contains well-shaped crystals (phenoerysts) of one or more min- 
erals in a flner-grained or incompletely crystallized matrix 
(gmnndmass). A porphyry which has the mineral composition 
of quartz monzonite and whose phenoerysts make up about halt 
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the rock or more, is called quartz mouzonite porph;r;. In order 
to distingiiiah the commonest t;pe of quartz monzouite porphyry 
of the Monarch and Tomichi districts from the other varieties 
preeeaf, it is here called Etna quartz monzonite porpbjry be- 
cause it is abundant on the top and slopes of Mount Etna. 

Occurrence. — The Etna type of quartz mooeoDite porphyry 
occurs in two stocks and in a few dikes. The stock which cuts 
the quartz latite body described below, extends from the west 
slope of Monumental Mountain to the north slope of Mount Etna. 
A smaller stock is found northeast of Tomichi. The longest dike 
reaches from the west slope of Glover Monntain to the margin 
of Browns Gulch. At the Condor mine this dike is nearly 300 
feet wide, but it narrows to fourteen feet about 800 feet north- 
east of the mine and widens again to 500 or 600 feet east of 
Jennings Gulch. Several smaller dikes are exposed in both the 
Monarch and Tomichi districts. 

Description. — This porphyry is cliaracterized by the numer- 
ous lai^ orthoclase phenocrjsts from half an inch to two inches 
in length (PI, XI). North of North Fork where erosion is rapid, 
these phenocrysts in piirts of the dike are bluish, but elsewhere 
they are commonly pink to brownish. The pink phenocrysts 
remind one of the large orthoclase phenocrysts of the Lincoln 
porphyry of Leadville, but the groundmass of the Etna porphyry 
has a much coarser grain than that of the Leadville rock. A 
few of the orthoclase crystals are twinned according to the 
,Carlsbad law. 

Less conspicuous, but still of considerable size, are pheno- 
crysts of white to bluish plagioclase, quartz, hornblende, and 
biotite. Many of the plagioclase crystals show twinning striae 
and some show Carlsbad twins in addition. The hornblende and 
biotite phenocrysts are the smallest in the rock. Occasional 
small, well-shaped crystals of yellow titanite are found both 
among the smallest phenocrysts and inclosed by the large ortho- 
clase crystals. 

In the hand specimen the a^regate of quartz, plagioclase. 
hornblende, and biotite might be considered the groundmass in 
which the orthoclase crystals, as phenocrjsts, are embedded. 
But the microscope shows, in addition, a considerable residue 
cementing all the crystals named. This residue, which constitutes 
the groundmass proper, is composed essentially of fine-granular 
orthoclase and quartz, with small amounts of plagioclase, horn- 
blende, and biotite. The microscope also shows that all the 
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crystals seen with the oskcd eye beloDg to one general i>eriod of 
development and that the naked eye, therefore, detects no true 
groundmass. 

This roek is sometlines locally called granite, and in a tlcld 
classifieatiOD neither the name granite nor granite porphyry 
would be inapplicable. 

OTHER VARIETIES OF PORPHYRY IN STOCKS 

The dike-like stock near the head of Tomichi Creek is com- 
posed partly of porphyry very similar to the Etna type, but 
mainly of a variety containing smaller phenocrysts and a greater 
proportion of groundmasf. On the north slope of Contact Hill 
and just north of Bonanza Creek are small exposures of a type 
which is similar to the Etna type in composition and inter- 
mediate between the Etna porphyry and the rhyolite porphyry 
in texture. 

About a: mile and a half northwest of Shavano Mountain 
is a small area which shows two varieties of porphyry. One is 
similar in composition to the Princeton quartz monzonite; it 
shows small, bluish plagioclase pbenocrysts and a few biotite 
crystals in a groundmnss of orthoclase and quartz. The other 
variety is a granite porphyry having a few small phenocrysts of 
biotite and acid plagioclase in a microgranitic groundmaf<s com 
posed chiefly of quartz and orthoclase. 

ANDESITE 

Definition. — Andesites are dense igneous rocks comiroscd 
essentially of soda-lime feldspar and hornblende, biotite, or 
pyroxene. A small amount of orthoclase is often present, in 
addition to free silica either in the form of quartz or glass. Most 
andesites are porphyritic, containing small phenocrysts of plagio- 
clase and one or more dark minerals, in a dense groundmass. 

Occurrence and description. — In tlie Monarch district ande- 
site is found throughout an area which reaches from Mount Etna 
to Browns Gulch and is more than a mile in average width. The 
freshest rock is dark gray and has a dense groundmass which 
greatly exceeds the phenocrysts in volume. A few small pheno- 
crysts of plagioclase and biotite can be seen in the hand specimen. 
The microscope shows also the presence of hornblende crystals. 
Pjrite grains are not uncommon in joint-planes. The rock is 
commonly greenish on account of the presence of much epidote. 
Weathered surfaces are frequently red or brown, owing to the 
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oxidation of the iron of the dark minerals to hematite or to 
limonite. These <'olors are very conspicuous on Calico Mountain. 

QUARTZ LATITE PORPHYRY 

Definition. — Quartz latite porphyry is here taken as a deuae 
porphyry, which has essentially the chemical composition of 
quartz monzonite and, in so far as it may be crystallized, the 
mineral composition of quartz monzonite. It differs from quartz, 
monzonite porphyry in having a denser groundmass and greater 
proportion of groundmass. As a rule, the phenocrysts of quartz 
latite porphyry are smaller than those of quartz monsooite 
porphyry. 

Occurrence and description.— -This porphyry is found in 
considerable volume on the slopes of Mount £>tna and Monu- 
mental Mountain and in the vicinity of Chalk Creek Pass. In 
addition to the several bodies mapped there is a considerable 
body on ttie southwest slope of Mount Etna, which was cut by 
the Macedonian tunnel. The boundaries of tbis could not be 
accurately traced owing to the large amount of slide-rock. It is 
very probable that nil these detached bodies once formed part 
of a single mass which was later dissected by the Etna porphyry 
intrusion. 

The rock is bluish-gray and carries numerous small pheno- 
crysts of white to bluish plagioclase, a few pink feldspars, 
numerous biotite and hornblende phenocrysts, and occasional 
small, yellow titanite crystals. The groundmass, which is ap- 
proximately equal to phenocrjsts in volume, is very dense and 
is shown by the microscope to contain a small amount of un- 
crystallized material. The character of the groundmass and the 
composition of the rock, as determined chemically and micro- 
scopically, make the local name "diorite porphyry" inapplicable 
to this rock in a strict petrographic classiflcation. 

DIKE-ROCKS 

In addition to the strong dike of Etna porphyry mentioned, 
there are many smaller dikes of porphyry of several interrelated 
types and varieties. These dikes are, in part at least, the latest 
intniBions of the rpgion, and cut nearly all the older rocks. They 
are especially abundant in the Monarch district, near the south 
and southeast margins of the Princeton quartz monzonite. In 
the sedimentary rocks, some intrusions which cut across the 
strata as dikes through most of their course, in places follow 
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the bedding as intrnelve sheets for coDsiderable distances. Al- 
though there are several variations from the types, the dike-rocfeu 
include the following: monzonite porphyry, quartz mouzonite 
porphyry, latite, latite porphyry, quartz latite porphyry, andesite 
porphyry, rhyolite, rhyoiite porphyry, and pitchstone porphyry. 

MOIjZONITB POBPHYRT 

Monzonite porphyry is composed essentially of orthoclase 
and plagioclase, in about equal amounts, and one or more dark 
minerals of tlie mica, amphibole, and pyroxene groups. In 
vplume the pheuocrysts commonly equal or exceed the ground- 
Dikes of monzonite porphyry are most common near the 
head of Taylor Gulch and on the slopes of Taylor Mountain. An 
unusual variety of this rock, composed almost entirely of small 
phenocrj-sts and a negligible quantity of groundmass, is found 
in a dike about a mile southwest of Maysville. 

The ordinary type of monzonite porphyry in the region 
mapped is bluish-gray and generally carries phenocrysts of 
orthoclase, plagioclase, and hornblende in a dense gToundmass. 
The phenocrysts commonly make up about half the rock mas» 
and are for the most part less than a quarter of an inch in 
diameter. A few dikes carry biotite instead of hornblende, while 
others carry both biotite and horublen'ae. Locally, cubes or 
grains of pyrife are abundant. Flow-strncture is shown in* 
several dikes by the parallel orientation of the hornblende 
crystals. In several places secondary epidote gives a greenish 
color to the rock. 

QUARTZ MONZONITE POnPHYBY 

Narrow dikes of this rock are most common in and near the 
quartz monzonite in the Monarch district. 

The quartz monzonite porphyry occurring in narrow dikes 
differs from tie Etna porphyry in having a finer texture gener- _, 
ally, considerable variation in the quantity of quartz, hornblende, 
and biotite, and a generally smaller proportion of orthoclase 
phenocrysts. In texture and color the rock is similar to the 
quartzless monzonite porphyry. Quartz phenocrysts may be 
numerous to rare, or even absent. When the quartz of this 
porphyry is absent as a phenocryst, it is confined to the ground- 
mass, and hand specimens of the rock closely resemble those of 
the quartzless monzonite porphyry. Although pink orthoclase 
phenocrysts are not so common as in the Etna porphyry, the 
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microscope shows a large proportion of orthoclase in the 
gronndmasB. 

LAIITB 

Latite, which is the deuse equivalent of monzonite or mon- 
zouite porphyry, occurs in comparatively few dikes. These are 
(rhiefly on Taylor Mountain and in the general region west of 
Boss Lake. 

The latite is commonly a light gray to white felaitic rock, 
with few or no megascopic phenocrysts. The phenocrysts that 
are present are small; and are chiefly feldspar with subordinate 
biotite or hornblende. Small cubes of pyrite are locally abundant. , 

This rock differs from rhyolite chiefly in that it typically 
has no quartz and contains orthoclase and plagioclase in ap- 
proximately equal amounts. The true mineral composition is 
determinable only under a high-power microscope. In the field 
a rock of this character is commonly called felsile. 
IjATITE porphyey 

This rock has the same composition as monzonite porphyry 
and latite, and in textnre is intermediate between them. In the 
region surveyed most of' the latite porphyry is very similar to 
the monzonite porphyry in texture and composition, but has 
smaller phenocrysts and more finely crystallized gronndmass. 

QUAHTZ LATITE POBPHYEY 

This rock was observed in only two dikes. One of these 
crosses the divide northeast of the head of Jennings Ontch ; the 
other is crossed by the road about half a mile west of the Victor 
mine in the Tomichi district. The qnartz latite porphyry of 
these dikes is practically identical with that near the head of 
Middle Fork and needs no further description. 

ANDBSITB PORPHYRY 

Only a few dikes of andcsite porphyry are found in the area 
mapped. One of the most typical is just east of Boss Lake; 
another is on the north slope of Contact Hill in the Tomichi 
district. This porphyry is greenish-gray and carries many small 
crystals of plagioclase and hornblende, besides a few flakes of 
biotite, in a dense gronndmass. 

RBTOLITE 

Rhyolite is a dense igneous rock having approximately the 
same chemical composition as a granite and essentially the min- 
eral composition of a granite, in so far as it may be crystalline. 

Cookie 
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The most typical rbyolite found id the area mapped is od 
the east slope of Taylor Mountuin. It is white and dense and 
closely resembles tlie felsitic latite in appearance. It differs 
from the latite in that its feldspar is doiiiinantly orthoctase, and 
also by the pre^ience of quartz, either as small phenocrysts or as 
microscopic grains and patches in the groundmass. 

EHYOLITB PORPHYIIY 

Rhyolite porphyry has the same minrral and chemical com- 
position as rhyolite, but carries abundant phenocrysts. 

Typical rhyolite porphyry occurs in an intrusive sheet east 
'of the David H. mine and in a dike cut by the Parole tnnnet. 
This dike can be traced for a considerable distance in and near 
the Morning Glim fault. The weathered rliyolite porphyry is 
commonly light gray or white and carries, in a felsitic ground- 
mass, quartz and feldspar phenocrysts up to three-eighths of an 
inch in diameter. Fresher material from the Parole tunnel 
shows small biotite phenocrysts in addition to quartz and feld- 
spar, and is dark gray in color. 

PITCHSTON'K POItPHiBV 

Pitchstone is natural glacs with a resinous luster. It is 
formed by the sudden cooling of rock magma which usually has 
nearly the chemical composition of granite but contains more 
water, 5 to 8 per cent. Pitchstone which carries numerous phen- 
ocrysts is called pitchstone porphyry. 

Pitchstone porphyry occurs on the border of a rhyolite 
porphyry dike in the Morning Star mine and in several short 
tunnels near West Point in the Tomichi district. A row of 
prospect holes on the northwest slope of Lake Hill has en- 
countered a similar dike. 

The pitchstone porphyrj- of the Tomichi district is commonly 
' gi-een, yet a brown variety was found on at least one dump near 
the Morning Star mine. Although the glassy groundmass 
greatly exceeds the phenocrysts in volume, small crystals of 
feldspar, quartz, and biotite are common, 

VOLCANIC BRECCIA 

Volcanic breccia owes its formation to explosive volcanic 
action; it contains numerous angular fragments cemented by a 
matrix which is principally lava or tuff. The fragments are in 
part lapilli and bombs thrown out By explosions, but they are 
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also very likely to be la large part formed by the shattering of 
the rock which forms the walls of the vojeanic veiit. Volcanic 
breccia is exposed on the top and slopes of Vulcan Mountain. 
Small exposures art found" on the south shoulder of Central 
Mountain and in Fort Scott Gulch. 

This breccia carries angular fragments of granite, quartzite, 
arkose, chert, limestone, baked shale, and quartz monzonite 
gneiss, besides material too badly weathered for identiflcation. 
The greater number of fragments range from a quarter of an 
inch to two inches in size. The matrix, which is generally 
greenish -gray, is shown by the microscope to be composed chiefly 
of shreds and fragments of glass. 

FLOW BRECCIA 

The flow-breccia which caps Brittle Silver Mountain, con- 
tains numerous small, angular fragments of feldspar and dark 
gray-brown porphyry, in addition to a few fragments of quartz, 
in a light-gray matrix. Many of the fragments are more or less 
lenticular in form and lie with their longest diameters in the 
direction in which the magma was flowing when it began to 
solidify. 

The microscope shows that the matrix is made up chiefly of 
glass and is generally stringy or ropy. After the magma was 
extruded the flow evidently continued during at least a part of 
the period of rapid solidification. 
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CHAPTER VI 

STKUCTUKAL GEOLOGY 

Owing to the scarcity of extensive nnderground workings 
and the abundance of talus and drift, the details of geologic 
stmcture of the region have not l>een worked out as fully as 
desirable, but many of these details, as well as important general 
features, have been determined. To the explanation of the pre- 
Cambrian regional metamoi'phisin in which some of the rocks of 
these districts dhared, the writer can contribute nothing. The 
processes of Paleozoic sedimentation and accompanying, crustal 
oscillations as recorded by the seaiuwntary rocks in this r^on 
have already been briefly treated. Aside from the ore deposits, 
which will be separately described, the principal remaining factors 
to be considered in the structural geology of the region considered 
are folding and faulting, jointing, solution, and igneous intrusion, 
including contact metamorphism. 

FOLDING AND FADLTINO 
The Paleozoic strata, in their attitude, interrelations, and 
relations toward older rocks, furnish the only criteria by means 
of which the principal folding and faulting of the region may be 
worked out. Since these strata cover only a small part of the 
region and have in many places been dissected by igneous intru- 
sion, many important details of the folding and faulting cannot 
be determined with certainty. 

FOLDS 
An approximately east-west line tlirougli Monanh Hill would 
cross five synclinal folds within the area mapped. These are, 
respectively, on the southeast slope of Lake Hill, on the northwest 
slope of Monarch Hill, southeast of Garfield, gouthwest of Mays- 
ville, and southeast of Maysville. The sjncUnal fold southeast of 
Garfield and another near Ci'ee Ctlmp are really minor folds 
which mei^e into the much larger syncline whose south extremity 
is on Monarch Hill. 
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The west limb of this sjncline, a large part of which in 
faulted off on Bj-ncline Hill, was probably once continuous with 
the eastward-dipping sediments on Clover Mountain and north of 
Fort Scott Creek. Between the last two outcrops mentioned are 
other outcrops of eastward-dipping limestone overlying the pre- 
Cambrian granite. All these, together with the west border of 
limestone on Monarch Hill, are uearly in a straight line. The 
exposures on Synetine Hill and north of Middle Fork show that 
the total thickness of sedimeuts involved in this syncline was so 
great that the west border of the west limb must have been nearly 
as far west as the top of Clover Mountain if the strata were 
nearly verticai. If dipping at an angle of 40° to 60° the west 
limb would extend west of the presetit divide. In this position 
and with an eastward dip the Ordovician limestone is now found. 
Further evidence that the strata of Taylor Gulch and those west 
of the divide once formed part of a single syncline is furnished 
hy the large body of limestone and quartzite on the divide, and 
by the masses of arkose in the volcanic breccia of Vulcan Moun- 
tain. This arkose is evidently the unmetamorphosed equivalent 
of part of the Kangaroo formation, or it is a younger deposit 
not now elsewhere seen in the r^ion. 

In the Tomichi district most of the sediments dip toward the 
east. Significant exceptions are found in the westward dip of 
the strata near the head of Noname Creek and of a renmant of 
Ordovician limestone on the sooth shoulder of Central Mountain. 
It is probable that these two widely separated outcrops of west- 
nard-dipping strata represent the east limb of a syncline whose 
west limb is found partly on Lake Hill, West Point, and Porcu- 
pine Bidge, and partly near the northwest corner of the Tomichi 
district. A large part of this limb, faulted off, is seen in the 
eastward-dipping sediments just west of the northwest portion 
of the area mapi>ed, where they are partly In fault contact with 
the pre-Cambrian granite and partly in eruptive contact with the 
quartz monzonite. 

There is no reason to doubt that an anticline once connected 
the Tomichi syncline with the Monarch syncline except where 
the strata were greatly faulted. A small remnant of the strata 
involved in the anticline is found on the divide northeast of the 
head of Noname Creek. The axis of the anticline perhaps passed 
not far east of this remnant and through or near the present 
position of Central Mountain. 
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The proximity of the outi-rops of strata of evidently opposite 
liiiiba of the antic'liDe on Central Mountain aud north of Fort 
Scott Creek, and the attitude of these strata sugg^t that in 
(his viciailj- the antiolinal folding was much less pronounced 
tliau the folding in many other parts of the region. It is not 
improbable that tbe Monarch and Tomichi synclines, like the 
e<helon synclines of the Monarch district, merged into one large 
lold farther north. On the west slope of the Sawatch Range, 
near the crest, about ten miles north of Whitepine, is U thick 
series of sedimentary rocks dipping eastward, that is, toward 
the divide. Whether these beds are cut off by a fault or by an 
intrusion has not been determined. 

AMOUNT OP TILTING 

The strata have been tilted through an angle which ranges 
from a few degrees to 90°, and even more in several i)lace8. Most 
of tbe sediments of the Tomichi district have a dip between 
-0" and 50°, being generally higher in the north i>art than iu the 
south part of the district. 

The beds of the Monarch district show a much greater range 
in dip. Near Mayeville the dip varies from a few degrees to 05". 
The dip of the southeast limb of the fold on Monarch Hill ranges 
from 30° to 45° for the most part. However, in a drift from tbe 
Madonna No. 6 level, toward the west, along the granite limestone 
contact, the granite wall is vertical for a considerable distance 
and in at least one place dips a few degrees from the vertical 
toward the south. Again, the same contact at the top of the 
Rtope in the Hawkcye mine has been tilted through an angle of 
u little more than 90°. East and north of Garfield the strata 
are nearly vertical. In the Lilly mine the granite floor on which 
the sediments were laid down now stands vertical or but slightly 
inclined from vertical toward the west. In the Garfield tunnel, 
driven northward along the granite-limestone contact from the 
creek below Garfield, the dip near the portal is toward the west, 
but near the breast the granite forms the hanging wall witli an 
eastward dip of 73°. Similar overturns are found in Kangaroo 
Gulch. 

The most notable overturn in the district occurs on Monarch 
Hill where it can be well seen in the Hawkcye mine. The Hawk- 
eye tunnel was driven several hundred feet to the granite-lime- 
stone contact and thence along the contact where the granite 
forms the hanging wall with a westward dip of 40° to C0°. In 
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the upi>er part of an upraise fTOm the end of the main tnnnel 
the granite hanging waH dips westward 25°. A crosacnt to the 
cast limb of the sjntline found the granite footwall dipping west- 
ward 28°. Id the Madonna No. 6 tunnel the quartzitc of the west 
limh of the fold dips 60° N. 53° W. The same quartzite exposed 
in a drift from the Monarch Contact tunnel dipa westward 50° 
to 60". 

It is readily seen that only strong compressive forces could 
have caused the folding which has been noted. 



lAKiil faults of small throw are numerous in the mines in all 
piirts of the sedimentary area in the Monarch district. The 
Tcmiichi district affords few opportunities for underground study, 
but it is probable that faulting is as common here as in the 
Monarch district. The local faulting was accompanied by move- 
ment in many directions, as evidenced by the slickensided sur- 
faces. 

The larger faults whose position could be accurately deter- 
mined are shown on the map in solid lines; those whose esact 
I>osition could not be determined are represented by dashes. 
Nearly all the larger faults are thrust faults and were in all 
]>robabi)it.v produced in part by the stresses which caused the 
folding. 

Though many of the faults show a comparatively small throw 
they are important in that they provided channels for the cir- 
culation of mineral solutions; the crushing of the rock, which 
ticcompanied the faulting in many places, furnished open ground 
favorable to ore deposition. For these reasons not only will the 
proved faults be described in considerable detail in the following 
paragi'aphs, but indications of other faults will be noted in the 
h«[ie that they may receive attention from prospectors and min 
ing engineers in the development of the region. Had time per- 
mitted more detailed study the field party would probably have 
demonstrated the existence of a few faults now only suspected, 
but many can be certainly disclosed only by underground work, 

LAKE FAULT 

This thrust fault, which passes under Boss Lake and trends 
southward an undetermined distance from tlie contact between 
the granite and quartz monzouite, shows a greater displacement 
than any other fault in the region. The Monarch Contact tunnel, 
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driven N. 37° W. from the portal, encountered thia fault at 117 
feet. In July, 1912, the tunnel had been driven along tlie fault 
477 feet. The course \b a few degrees east of north for the greater 
part of the distance, but the tunnel bears about N. 5° W. for the 
last 175 feet. Where flrst encountered, the granite banging wall 
dips westward about SO", but near the breast of the tunnel the 
same wall dips westward 56**- 

Development work done in this tunnel shows that the fault 
is abont fifty feet west of the "parting quartzite" near the portal 
and lt)« feet west of the same quartzite 500 feet north of the 
portal. This indicates that the fault has cut out some of the 
limestone and crosses the strike of the beds at an acute angle. 
It is possible that the limestone between the fault and the quartz- 
ite widens for some distance ahead of tbe breast of the tunnel, 
but the fault doubtless cuts off the quartzite somewhere between 
the present workings and the saddle on Byncline Hill. According 
to field measurements and calculations the Paleozoic sediments 
on Syncline Hill are abont 4,500 feet thick. Since the thrust has 
raised the granite west of tbe fault nearly to tbe level of the 
youngest sediments on Syncline Hill the throw is at least 4,000 
feet. To this estimate may be added the thickness of the granite 
which has been removed by erosion since the removal of all the 
sediments west of the fault. The displacement along this fault 
is greater than the throw since the fault is not vertical. 

South of the Monarch Contact tunnel the fault Is concealed 
by glacial dcjiosits. It may possibly trend toward the head of 
the south branch of South Fork; the approximate straightness 
of the valley southward from Monarch in inhereutly structureless 
granite suggests that it may follow the line of a fault. There is 
also a possibility, unsupported by convincing evidence, that the 
Lake fault is continuous with the Madonna fault. More probably, 
however, the Lake fault jiasses by gradations into the overturned 
synclinal fold on the northwest slope of Monarch Hill. 

MADONNA FAULT 

Thia is a thrust fault hading toward the Hi>u(hwest — that in, 
with the upthrow on the southwest side. The displacement is 
well seen on the top of Monarch Hill, where the granite-limestone 
contact is offset about 500 feet. On the No.6 level of the Madonna 
mine the offset is about 200 feet — that is, the granite extends* 
about 200 feet farther northwest on the southwest side of the 
fault than it does on the northeast side. The strike of the fault 
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on this level is N, 50° W. in and near the granite. The dip is 
toward the soothwest a. few degrees from vertical. It is reported 
that the granite wall 150 feet below the tunnel level is two sets 
(about twelve feet) farther sonthwest than at the level of the 
tunnel. The dip here is hence about 85° (hade 5°). On No. 6 
level the fault-fissnre in the granite is fifteen to twenty inches 
wide and filled with mineralized gouge. 

On this level the trend of the main fault has not been deter- 
mined with certainty where it passes away from the granite into 
ihe sedimentary rocks. The limestone and quartzite are dislo- 
cated and crushed in a number of places; relationships indicate 
that there baa been branching of the fault. The most pronounced 
and regular break that has been followed in the development of 
the mine strikes about K. 25° W. If this is the main fault and 
if it holds the same strike as it paases northward the Madonna 
fault either intersects ,the Lake fault near the portal of the 
Monarch Contact tunnel or is continuous with the Lake fault. 
The latter alternative is improbable since the displacement on 
No. 6 level is much less than on the top of Monarch Hill and 
very much less than that of the fault on Syncline Hill, whereas, 
if it were one continuous fault, the displacement on No. 6 level 
would probably be greater than that on the top of Monarch Hill. 
If the Madonna fault continoes northwestward with the same 
strike that it has in the granite it should intersect the Lake 
fault between the portal of No. 6 tunnel and the Hontb Fork 
wagon-road, the point of intersection being dependent on the 
I)osition of the Ijake fault. Whatever may be the strike of the 
Madonna fault there is no reason to doubt that it meets the 
Lake fault. 

MAVFLOWEB FAULT 

The Klayfiower fault has been mapped chiefly from snrface 
indications; the displacement was seen underground by the writer 
only in the Madonna No. 5 tunnel, in the Mayflower prospect 
tunnel a short dietam-e above the portal of No. 5 tunnel, and 
probably in the Eclipse mine. In the Mayflower tunnel the fault 
strikes N. 50° W. and dips 70° southwest. Striations on the foot- 
wall pitch northwest about 15° from the vertical. These stria- 
tions, of course, record only the latest movement. It is possible, 
though perhaps improbable, that the fault is a heave, or horizontal 
fault. 
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At the top of Monarch Hill the relations are thoae •>'. a 
normal fault, that is, with the downthrow on the hanging-wall 
side. The black dolomite of the Ouray formation out(;i-o[js on 
the hillside northeast of the fault below the Mayflower tunnel 
but is not exposed southwest of the fault. This points to the 
probability that here the fault is an overthruat, though a normal 
fault farther southeast. Such relationships are found in rotary 
faults. 

According to Mr. A. Eilers, who is familiar with the struc- 
ture in the higher workings of the Madonna mine, the block 
between the Madonna and Mayflower faults has dropped through 
a vertical distance of 200 to 250 feet and is badly broken. There 
is no regularity in dip and strike and the bedding planes are not 
continuous. 

OTHEB FAULTS OF MONARCH HILL 

On the sixth level of the Madonna- mine a drift along the 
(jtranite-liniefltone contact encountered a fault at about 250 feet 
northeast of the Madonna fault. The granite is thrown north- 
west on the southwest side of the fault, just as it is at the 
Madonna fault, but the amount of throw is unknown. 

The largest developed ore-shoot of the Hawkeye mine follows 
;-i fault which may be seen in the granite footwall of the stope. 
In the present workings the displacement, which is measurable 
for only a short distance, does not exceed four feet, with the 
upthrow on the southwest side of the fault. 

The Silent Friend No. 2 tunnel is driven approximately 
S. 70" E. for the first 500 feet. At 385 feet the granite was 
encountered in a short crosscut on the south side of the main 
tunnel, and but a few feet distant. This is evidently the Boor 
on which the limestone was deposited; the contact dips about 
50° N, 45° W., and shows no evidence of being a fault contact. 
The main tunnel follows, a break for some distance, and in a few 
places granite may be seen either in the roof of the tunnel or 
on the south wall. About 300 feet due east of the point at which 
the granite was first uncovered a crosscut encountered the 
granite- lime stone contact dipping about 50° N. 45' W. The evi- 
dence is strong that this offset is caused by a nearly vertical 
fault striking about N. 50° to fiO" W. When allowance is made 
for the obliquity of the crosscut with reference to the strike of 
the contact, the offset is approximately 250 feet. Produced down- 
waixi, this plane would nearly coincide with the plane of the 
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Hawkeje fault mentioned. When the surface geology was mapped 
no considerable displacement of the beds was noted above the 
apparent line of faulting in the mine, but a little mineralization 
itj shown hy prospect boles; in this region calclte and limonite 
are very common along fault planes. 

There is good evidence of a fault near the south extremity 
of the syncline on Monarch Hill, bat the trend could not be deter- 
mined. Near the granite-limestoDe contact on the west limb of 
the same fold there has been much crushing of both granite and 
limestone, as seen in the Silent Friend No. 3 tunnel. Sheets of 
granite penetrate the limestone in a manner that suggests igneous 
intrusion, except that they have not been seen crosscutting the 
limestone. 

It is probable that a fault striking northwest, between the 
Madonna and Mayflower faults, intersects the former fault at 
Zero level of the Madonna mine. The rock in the Stemwinder 
prosi)eft tunnel in the steep ravine southeast of Monarch, ia 
fractured and elickensided, but no decided fault has been observed 
here, A short distance north of the Black Tiger mine tbe rela- 
tionships of granite and limestone on the dump from a tunnel 
now caved, point to a fault which is indicated on the map, though 
not proved. 

FAULTS NEAR GARFIELD 

Evidently the same strata as those quarried southwest of 
Oarfleld outcrop just north of the railway and west of the Taylor 
Ciulch road. The beds in the two places mentioned do not have 
a greater difference in dip and strike than could be easily ex- 
plained ^y the sharp fold. This great offset in beds with nearly 
the same dip and strike can be accounted for only by a fault 
having a displacement of several hundred feet. This fault, which 
is shown on the map, very probably passes a little west of the 
limestone outcrop north of the railway, where talus covers the 
bedrot;k, and through the badly broken limestone a short distance 
northeast of the quarry. 

The fault shown on the map in dashes northeast of Garfield 
is plotted with less confidence than the quarry fault. Since, in 
most of its course at the surface, it cuts through shale more or 
less talus-covered, the exact position and amount of displacement 
tannot be determined at present. 

Nearly a mile southeast of (larfleld there are Keveral small 
faults which cannot be represented on a map of small scale. 
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In addition, tliere is at least one fault of apparently considerable 
displacement, wbose trend cannot be determined from surfaow 
iudicutions. Mucii of the area is covered with talus, but a mile 
Routh of the railroad, in a caved prospect on the west limb of 
ihe ajncline, the "parting qoartzite" is found near the granite 
wall. From this point southward for several hundred jardo the 
Quartzite is not exposed while the limestone is exposed. It i» 
possible that the granite has cut out the quartzite and some lime- 
stone by being faulted upward along a north-south line. 

FAULTS OF TAYLOR OULCH 

Although there is much evidence of faulting near the head 
of Taylor Quleh, the faults cannot be worked out from the surface 
indications alone, and the present underground workings do not 
Jifford many opportunities for studying the structural features. 

In the Denver mine indications of faulting can be seen in 
the gouge and crushed rock, but the direction of movement is 
not evident. Since very little water flows on the surface in the 
gulch, even when the snows are melting most rapidly, it la not 
impi'ubable that the gulch may be above a fault which furnisheK 
a channel for the ground-water. The same conditions are found 
in a shallow and straight ravine heading high up on Taylor 
Mountain and trending southeast a little south of the Jewell 
tunnel. Further evidence of faulting along this line is the min- 
eralization on the I^at Chance and New York claims. 

A fault with a throw of only a few feet can be seen on the 
Kteep north slope southwest of Cree Camp. The limestone is 
much broken and mineralized in the vicinity of the Song Bird 
mine. Not far east, blocks of granite on the dump of a prospect 
tunnel now caved, suggest the presence of granite much farther 
west than it would he if it had not been displaced by faulting. 

MORNiNO Glim fault 

This name is here applied to the long fault in and near 
which are the Morning Glim mine workings. It can be readily 
traced from the head of Noname Creek to the contact between 
the granite and quartz monsonite northeast of Whitepine. The 
throw is equal to the thickness of the Paleozoic sediments of the 
Tomichi district phis the thickness of the granite eroded away 
northeast of the fault, and hence more than 1,000 feet. 

When the Tomichi district was being mapped, this fault was 
not accessible underground, and consequently the average dip is 
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unknown to the writer. There seems to be but little doubt, how- 
ever, that the dip is in general toward the northeast and that 
the displacement is a thrust through most of its coarsC!. The 
general relations are conepicnous on the steep east slope west 
of the head of Noname Creek, where the outcropping Tomichi 
limestone, from the base to the "parting quartzite," abuts against 
the granite {PI. XIII), The immediate break is covered with talus, 
but the dip appears to be toward the north at an angle of G0° 
to 70°. The granite, in its upward movement, has diagged the 
broken ends of the limestone strata np into a vertical, or even 
slightly overturned, position. The thickness of the beds involved 
in this drug is at least thirty feet. This folding is good evidence 
that the fault dips northward or at least that it does not dip 
southward. According to Mr. T. H. Jenks, of the Spar Copper 
Company, the dip of this fault in the Spar Copper mine is north- 
eastward at an angle of about 60° (hade 30°), 

STAB PAULT 

A second important fault in the Tomichi district, here called 
the Star fault because in and near it are the North Rtar and 
Morning Star mines, may be traced from near the head of Spring 
Creek toward the northeast for half a mile or more. From sur- 
face indications this fault cannot be traced to the Morning Glim 
fault, but the displacement about half a mile distant is so groat 
as to indicate, with strong probability, that it reaches the latter 
fault. 

The Star fault dips toward the east as can be seen in the 
Morning Star and the Victor mines. It is hence a thrust fault 
since the upthrow is on the east side. The exact amount of dip 
is unknown, but ,a porphyry dike that follows the fault very 
closely, dips G5° eastward 200 feet below the surface in the Morn- 
ing Star mine. If the dip be taken as 80° (hade 10°) and the 
beds continue downward with the same dip as shown in the out- 
crops tbe displacement is about 2,000 feet. The displacement is 
greater if the dip of the fault is the same as that of the dike. 

OTHER FAULTS OF THE TOMICHI DISTRICT 

The evidence for two parallel eastward-striking faults on 
West Point is so good that they are indicated on the map, 
although their existence cannot be proved without digging; talus 
covers the contact between the granite and Paleozoic strata as 
well as all the limestone of the (faulted block below what is 
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probably the "parting quartzite." If the faults do exist, a block 
nearly 200 feet wide has dropped down and caused an offset of 
about 150 feet. The evidence of these faults is given in the next 
paragraph. 

A short distance northeast of the highest point in this vicin- 
ity is a shallow prospect hole in broken ground, having the 
"parting quartzite" on the south and marble on the north. For 
nearly 200 feet toward the/north marble outcrops continuously, 
but no quartzite can be seen. At about 200 feet north of the 
prospect the marble abuts sharply against the broken end of the - 
"parting quartzite" which can be traced continuously down the 
north slope. The fault cannot be traced in the coarse-grained 
marble below the quartzite toward the west although the outcrop 
is distinct for some distance. In view of the extreme contact 
metamorphism that the rocks in this vicinity have undergone, it 
does not seem unreasonable to suggest that the fracture may have 
been healed in the process of marmorosis. About 150 feet N. 70° 
W. of the prospect mentioned, an inclined shaft has been sunk in 
quartzite. This is probably the displaced "parting quartzite," 
and was so considered in indicating the faults on the. map; but 
certain determination by surface indications is impossible, since 
the Sawatch quartzite is found a little farther north. 

About 250 feet west of the west boundary of the area mapped, 
in the line of the geologic section A-A, the Paleozoic strata dip 
eastward toward the pre-Cambrian granite from which they are 
separated by a fault which strikes north. The throw is greater 
than the total thickness of the strata which are apparently about 
the equivalent of the strata displaced at the Morning Glim fault. 

DIRECTION OF DEFORMING FORCES 

It is evident from the character and trend of the folds that 
the region was compressed between major east-and-west forces 
which threw the sedimentarv rocks into a series of synclines and 
anticlines. These forces were accompanied by less important 
north-and-south stresses which produced the echelon folding in 
the Monarch district. Since marine deposits are now found 
12,500 feet above sea-level, it is obvious that vertical forces were 
also important. This is true whether it be assumed that the range 
has been forced upward or that the country on both sides of the 
range and, in a greater degree, the sea-bottom, have settled. 
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The faults were very probably ptM^dnced, or at least initiated, 
by the Bame forces that effected the folding, being developed along 
plaoes in which tbe roclts were strained to the extent of mpture. 
The high dip of the fault-plaaes indicates that, in the faulting, 
differential vertical forces were predominant, while horizontal 
forces were subordinate. The strike of the faults indicates that 
the directions in which the opposing horizontal forces acted were 
in general east-northeast and west-southwest, respectively. 

The Lake fault and .Morning Glim fault have been described 
in previous pages aa dipping toward each other, and are so repre- 
sented in section C-C of Plate III. The block, therefore, between 
the two faults named, narrows downward, and certainly has been 
raised with reference to the blocks on the east and west sides. 
The elevation of a downward-narrowing fault-block is unnsnal. 
8uch a block is commonly expected to settle because of the small 
base in proportion to the weight of the block, while downward- 
widening blocks are commonly forced upward. In most regions 
that have been described, downward-narrowing blocks have sunk. 
It seems reasonable to believe that differential vertical forces that 
left marine deposits more than two miles above sea-level could have 
caused a relative upward movement, even for several thousand 
feet, of a downward-narrowing block while the range was squeezed 
laterally. 

AQE OF FOLDING AND FAULTING 

From tbe structural relations it is evident that the folds and 
faults are but different expressions of the work done by the 
orogenic forces which produced that part of the Sawatcb Range 
in the area considered. Faulting probably continned after folding 
had ceased and possibly to a slight extent after the batholithic 
intrusion. Whether the folding and. faulting were completed in 
a single period of crustal disturbance or whether they resulted 
from several of the various post-PaleoBOic movements that have 
been recorded in the rocks of the Rocky Mountains, is indetermin- 
able from observed facts. 

There was no pronounced folding within the mapped area, 
after Tomichi sedimentation began, until after the deposition of 
all the Paleozoic sediments now seen in the region. This is evi- 
denced by tbe absence of pronounced angular unconformities. 
Eiven if there was any considerable elevation without folding 
between Ordovician and late Paleozoic times, the r^ion was 
depressed below water-level during the time of deposition of the 
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yoangest consolidated Bedimentg now represented. There is no 
reason to believe that any part of the general area was greatly 
elevated prior to the deposition of the Kangaroo formation. The 
older sediments are mainly off-shore deposits which indicate a 
considerable removal from land while they were being deposited. 
Except where they have evidently t»een removed by .erosion the 
Ordovician and, in some places, later sediments extend from near 
Poncha Springs about fifteen miles east of Monarch Pass, to the 
west end of Fossil Ridge about twenty miles west of the Conti- 
nental Divide. The granite boulders in the Kangaroo formation 
indicate either proximity to a pre-Cambrian land area or very 
strong currents. It is not improbable that an adjacent land mass 
was elevated before the Kangaroo formation was deposited. 

Arkose, nnlifce^ny local formation older than the Kangaroo, 
found on the Continental Divide south of Vulcan Mountain, indi- 
cates that the present divide at this point was under water while 
at least part of the Kangaroo beds was being deposited, if not 
later. Evidence that the submet^ed portion of the divide was at 
least several miles long is found about a mile and a half north 
of Monarch Pass in the limestone and quartzite which remain 
on the divide, notwithstanding the favorable position for rapid 
erosion on account of superior elevation and anticlinal structure. 
'The divide has doubtless been exjwsed to erosion as long as has 
the ridge west of the Lake fault, from which at least 4,000 feet of 
sediments and an undetermined amount of granite have been 
eroded. Figure 3 is a graphic attempt to illustrate conditions 
at the close of the otogenic disturbance, had it been rapidly com- 
pleted without allowing time for erosion. The movements very 
probably extended over a long period of time, and hence erosion 
may have prevented the represented beds from reaching the height 
indicated. On the other hand, only the beds now actually repre- 
sented in the region are considered in the diagram and no account 
is taken of possible younger deposits. It is probable that the 
original divide was either at the crest of the anticline in which 
the valley heading east of Central Mountain has been cut, or was 
much farther east, passing through or near Missouri Hill. (See 
fig. 3.) 
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.■:■.■ THE 8AWATCH ISLAND 

The' late H. F. RnnDona,' in bis monumental work on the 

Leadvill&. district and in a later paper, gave the name Sawatch 

Islad^l'.to the Bupposed land area which he believed had occupied 

the:jfi»8ition of the present Sawatch Range during the Paleozoic 

-and Mesozoic eras, and the name haa since been used b; geologists 

.working in central Colorado. Emmons defined the Sawatch 

vl^land as an elliptical area whose outlines were approximately 

.'Ihose of the Archean area of the 8awatch Range as represented 

' on the Hayden map and whose length was about seventy-five 

miles and maximum breadth about twenty miles. 

This tract includes the Monarch and Tomichi districts, where 
both early and late Paleozoic sediments are found on and near 
the crest of the range. In addition to the sedimentary areas 
shown on the accompanying map, there are several other areas 
of sedimentary rocks west of the divide as far north as Tincup, 
which is about fifteen miles north of Whitepine. The beds near 
Tincup, according to Hill," dip 20° to 70° eastward, toward the 
older rocks against which they are faiilted. The east limb of the 
syncline whose west limb is represented by these beds was evi- 
dently east of the crest of the range. It may have been absorbed 
by the, Princeton batbolith. There is another area of eastward- 
dipping sediments high on the west slope of the Sawatch Range, 
if not at the crest, not far south of Tincup Pass. Since these 
beds were eeen only from a distance, it is not known whether 
they are cut off, on the east, by a fault or by the batholith. 

The Hayden map, from which Emmons evidently drew largely 
in forming his opinion of the Sawatch Island, shows neither the 
sediments mentioned nor the Princeton batholith. It is possible 
that a detailed study of the range toward the north will show 
other occurrences of Paleozoic and post-Paleozoic rocks. The 
reasons which Emmons^ advanced for the antiquity of the Front 
Range — namely, the overlaps, or the variable occurrence from 
place to place of beds of i^idely different age resting on the pre 
Cambrian rocks — do not hold for the Sawatch Range. According 
to the Hayden map the Sawatcli Range is fringed by early Pale- 

■Emmons. S. F.. Geology and mtnlng Industry of Leadrllle. Colorado: Mon. 
U. 8, Geol. Survey, vol. 12. ISSfi; Orographic movemeota in the Rocky Mountalna: 
Bull. Geol. Society ot America, vol. 1. 1890. pp. 21B-2B6. 

tllll, J. M., Notes on Itie economic Keolosy of BoutheaHlern Gunnlaon 
County, Colorado: Bull. V. S. Geol. Survey No. MO. 1908, pp. 21-17. 

"Mon. 12, U. a. Geol. Survey, p. 20. 
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ozoic beds. Hayden' believed that "at some period comparatively 
modem, 10,000 or 15,000 feet of aedimentary beds extended unin- 
termptedly from the South Park across the interval now occTi])ied 
by the Sawatch Range." 

Whatever may be the age of other parts of the Sawatcb 
Range, the evidence is strong that a section from Monarch Pass 
northward about twenty miles was not elevated above sea-level 
until late Paleozoic or post- Paleozoic time, 

JOINTIHQ 

In ^oeral, there is very little regularity in the jointing of 
the .rocks in the area surveyed. However, the quartz latite por- 
phyry, near the north border of the chonolith, shows pronounced 
columnar jointing. These columns, which are conspicuous at 
Chalk Creek Pass, stand nearly vertical. 

More or less regularity of jointing can be seen locally in 
almost any of the other varieties of rock, but the regularity covers 
only a small area. The joint-blocks of nearly all the rocks are 
small, though in some parts of the Princeton quartz monzonite 
the blocks are of large dimensions, up to fifteen or twenty feet 
across. 

CAVZS AND UNSEBaSOinn) CHANNELS 
The formation of caves and development of subterranean 
drainage are genetically connected with jointing, folding, and 
faulting which formed fractures and thus facilitated the circu- 
lation of, ground waters. Limestone is taken Into solution and 
removed by these waters with comparative ease." The caves thus 
formed are small in this district. The largest noted was cut in 
the Shamrock mine at the limestone-granite contact and is about 
sis or eiglit feet wide; the bottom is about fifty feet below the 
tunnel level ; above the tunnel level the cave has not been explored, 
but the strong air current suggests a vent to the surface about 
200 feet above. .Another, perhaps somewhat smaller, was found 
in the same mine. Others may be seen at tbe creek-level in Gar- 
field. 

Just below the stone quarry west of Garfield a large stream 
issues from beneath the limestone south of the creek. This may 
or may not have direct connection with the creek higher up. A 
short distance south of Garfield a stream emerges from beneath a 

■Hayden. F. V.. Ann, report of the U. a. Geol. aai Qeog. Survey or Ihe 
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mass of granite tains, and doubtless has flowed some distance 
throtigh the limestone. At Monarch a short branch of the creek 
has its visible source in au excellent spring -which furnishes the 
village with water for domestic use, and could adequately supply 
a towu many times larger. A somewhat smaller stream issues 
from the limestone half a. mile east of Garfield. This is probably 
the i^t of the underground chanoel which drains the bench-like 
area three-fourths of a mile south of the spring. This area is 
nearly flat for a. considerable extent, as may be seen from the 
topographic maps. Morainal material fonns a barrier along the 
uorth side, except at the northeast comer, where there i» a small 
ravine — presumably an outlet for storm waters only. Daring 
the field season no water was running throngb thla outlet 
although there was an abundance of melting snow above. Another 
large spring is found in the granite in the valley between Lost 
Mountain and Missouri Hill. Spring Creek, in the Tomichi dis- 
trict, has its source in a large spring in or near the Morning Olim 
fault. , 

Underground streams, perhaps in fault-])lanes, are indicated 
in the upper part of Taylor Gulch and below a depression heading 
toward Taylor Mountain, where there is little or no surface drain- 
age during the season of melting snow. 

lOKEOtrS INTRirSION 
FORMS OF INTRUSIVE BODIES 

Claswfied according to form, the post-Carboniferous intrusive 
bodies, wholly or partly within the area mapped, are: (1) a 
batholith, (2) stocks, (3) choooliths, and (4) dikes and intrusive 
sheets. , J 

Although there are all gradations in size from a small stock 
to a large batholith, the contrast in size between the body here 
called a batholith and those called stocks is so great that few, 
if any, geologists would be likely to object to the classification 
used. In order to give deflniteness to the terms "stock" and 
"tKitbolith," Daly' proposes that "a body of the kind exposed in 
an area of less than 200 square kilometers is a stock; a similar 
body with a larger area is, accordingly, a batholith." In the 
region under consideration the bodies of this class are exposed 
over areas which are either much less or much greater than the 
maximum area proposed for a stock. 



1 of Igneoua Intrusive bodies: Jour.of Oeology, 
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THB PRINCHITON BATHOLITH 

The Princeton batholith is really composite near its sooth 
border, being composed of stocks, choooliths, and dikes, vbich all 
form one connected mass with the main batholithic intmsion of 
the Princeton qnartz monzonite. These intmsions differ greatly 
in form as well as content and there are, moreover, stocks and 
dikes outside of the main batholith. Hence the nnits will be 
treated separately, and in this section only the features of the 
lai^est intrusion will be noted. 

The northern limits of this quartz monzonite batholith, which 
lifis mostly north of the area mapped, are not known. It probably 
extends to the southeast slope of Mount Yale about fourteen miles 
north of Shavano Mountain. Its east border is covered by snr- 
flcial deposits at the foot of the east slope of Mount Princeton 
nine miles north of Bhavano Mountain. . It la exposed 
continuously from the east slope of Mount Princeton to Tincnj) 
Pass, on the Continental Divide, abi5ut fifteen miles west. Nearly 
all the Chalk Creek mining district lies within the area through 
which the tmtholith is exposed. 

One lai^ dike-like apophysis extends southwest into the 
Monarch district nearly to Boss Lake, while the Tomicbi and 
Quartz Cre^ districts include a considerable part of the 
batholith within their boundaries. In areal extent the qnartz 
monzonite which forms this batholith is the most important post- 
Carboniferous rock in at least four mining districts. It is exposed 
throughout an area of probably at least 200 square miles. 

In the mapped area the walls of this batholith are, in most 
places, in so far as they can be observed, vertical or inclined at 
a high angle from the horizontal. The dike-like apophysis in the 
Monarch district shows eyidence of widening downward. In the 
Condor shaft and tunnel in Hunkydory Quich the dip of the 
northwest contact of the quartz monzonite is 70" to 75" north- 
westward. This is about 1,500 feet lower than the exposure of the 
same contact between Taylor and Etna mountaiBB, and is prob- 
ably much farther below the original upper surface of the batho- 
lith. On theother hand, the contact between the quartz monzonite 
and gneiss on the eteep slope on the south side of Browns Gnlcb 
dips northeastward — that is, away from the gneiss — at an angle 
of about 85°. It holds this dip quite uniformly, as fer as it can 
be seen, over 1,000 feet vertically. Near Cree Camp and Taylor 
Mountain the contact at the surface is nearly vertical or perhaps 



.dr,yGoogIe 



100 UONARCH AND TOHICHI DI8TBICTS 

dips slightly away from the older rocks. However, the presence 
of three small quartz monzoDlte stocks id this vicinity suggests 
that the main body of quartz monzonite extends a considerable 
distance toward the southeast under the sedimentary rocks and 
granite. Further, several nearly vertical granite dikes in the 
sedimentary strata on the southeast slope of Taylor Mountain are 
identical in composition with known granite apophyses from the 
quartz monzonite near Boss Lake, and very probably extend down- 
ward to the aoutheastward-dippiug surface of quartz monzouite. 
The supposition of a southeast-dipping surface of the quartz mon- 
zonite under the sediments is strengthened by the wide contact- 
metamorphic zone southeast of the main stock, wollastonfte 
having developed in marble and tremolite in limeBtooe nearly 
two miles away from the surface exposure of the main stock. 
In the Tomichi district the quartz monzonite batholith appears 
to have approximately vertical walls, except on Porcupine 
Ridge, where it is inferred from the relationships of rock on the 
dumps of caved prospects that quartzite overlies the quartz monzo- 
nite. But this is probably a remnant of the roof of the batholith 
that has not been eroded away, rather than the wall rock. From 
the facts stated it will be seen that, in so far as has been observed, 
the Princeton batholith does not, in general, materially widen or 
narrow with iucreasing depth. 

STOCKS 

The granite, quartz monzonite gneiss, quartz diorite, Pomeroj 
quartz monzonite, and part of the Princeton quartz monzonite 
and quartz monzonite porphyry occur in stocks. 

From the geologic map it will be seen that the stocks show 
a considerable variety of outline, in plan. The walls, in so far 
as they can be ob»er\-ed, are vertical or nearly vertical. 

The stock of quartz monzonite gneiss, which extends north- 
east from Mount Etna, probably retains but little of its original 
outline, having been cut by several later intrusions. In Hunky- 
dory Gulch, where it is separated from the Princeton quartz mon- 
zonite by a wide dike of porphyry, the contact probably has nearly 
the same dip as the wall of the quartz monzonite body, that is, 
70° to 75° northwestward, and hence the stock of gneiss grows 
somewhat narrower with increasing depth. As before stated, the 
northeast wall of this stock dips northeast about 85°, that is, 
away from the gneiss. The contact between the gneiss and ande- 
site is nearly vertical, but this is probably not the original wall 
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of the gneiss. The contact of the stock of quartz monsooite gneiss 
on the east slope of Shavano Mountain is poorl; exposed, but, 
as nearly as can be determined, the northwest and southeast sides 
of the stock hold a fairly uniform course across ridges and gulches- 
indicating nearly vertical walls. 

The quartz monzonite porphyry stock of Middle Fork widens 
slightly with increasing depth, where the dip of contact with the 
surrounding rocks can be observed. West of Camp Summit this 
contact dips toward the older rocks at an angle of SB°. 

At the south and southeast margin of the Pomeroy quartz 
monzonite the contact dips under younger intrusive rocks at an 
angle of 25° to 46°, which is probably the dip of the original upper 
surface of the quartz monzonite. 

Dxcepting the instances mentioned, there is no observed evi- 
dence of nndoubted stocks in the area mapped having inclined 
walls. 

CHONOLITBS 

Daly' bas proposed this name for "an igneous body injected 
into dislocated rock of any kind, stratified or not; of shape and 
relations irregular In the sense that they are not those of a true 
dike, vein, sheet, laccolith, bysmalith, or neck; and composed of 
magma either passively squeezed into a subterranean orogeuic 
chamber or actively forcing apart the country rocks." In the 
Monarch district there.is what might be called a composite chono- 
lith, made up mainly of two chonolitbs intruded at different times 
and composed of different kinds of rock. 

Andesite chonolith. — The lai^r, and probably the elder, 
cbonolith is composed of andesite and is in the northwest part 
of the Monarch district. It baa an average width at the surface 
of more than a mile and a length of a little more than four miles. 
On the northwest side the lower surface dips southeastward 40° 
to 46°. This high inclination from the vertical results in a bend- 
ing of the surface boundary toward the southeast where the 
andesite and underlying Pomeroy quartz monzonite have been 
cut away by erosion in the gulches, as seen on the geologic map. 
The southeast wall of the chonolith is nearly vertical, and hence 
the andesite mass narrows downward. A cross-section of this 
body, based on field observations and data taken, from the map, 
is shown in EE on Plate III. The section as constructed cannot 
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be far from correct to a depth of at least 1,500 feet. Below that 
level the diagram is hypothetical. 

The microciystallme character of the gronndmass of the 
andesite SDggeets that the magma cooled fairly rapidly at the 
surface or under a comparatively thin cover. Jf it had reached 
the surface as an extrusive rock, the walls of the cbatmel through 
which it would pass would probably have become sufficiently 
heated to prevent rapid cooling of the mass remaining in the 
chanuel. The slower cooling would hence result in a probably 
higher degree of granularity than the rock shows. To conclude 
that the andesite now exposed represents a thick flow it would 
be necessary to suppose that it was extruded into a trough one 
of whose walls was vertical and at least 1,500 feet high, making 
no allowance for sabseqnent erosion. Although no trace of the 
former cover remains on the highest exposures of andesite, rem- 
nants of what may have been the roof of the chonolith are to be 
seen in the large masses of Paleozoic sediments high up on tbe 
south slope of Calico Mountain. 

Quartz latite porphyry chonolith. — A second large body 
which appears to have been injected, is seen in the qnartz latite 
porphyry of Middle Fork. The east and south boundaries of 
the original mass have been disturbed by later intrusions and 
eruptions to such an extent as to prevent the determination of 
the original shape of the body on the sides named. But on the 
north and northwest tbe latite porphyry mass overlies the older 
rock with a gently dipping contact. On the steep north slope, 
about half a mile east of Chalk Creek Pass, the dip of this contact 
is about 26°. Plate XIII shows the contact between the quartz 
monzonite porphyry and overlying rock just south of Pomeroy 
Pass. Almost an exact counterpart of this is shown on the south- 
west slope of Chapman Mountain a mile west of Pomeroy Pass. 
At Pomeroy Pass the quartz latite porphyry is separated from 
the Pomeroy quartz monzonite by about 200 feet of dacitic pop- 
phyT7, which was evidently intruded in dike-like form between 
the quartz monzonite and overlying rock prior to the intrusion 
of the quartz latite porphyry. 

The reasons for inferring that the qnartz latite porphyry is 
an intrusive rather than an extrusive rock are similar to those 
mentioned in connection with the andesite. The incomplete 
crystallization of the groundmass indicates comparatively rapid 
cooling, while the relation of this rock to the surrounding rocks 
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practical!; precludes its bein^ a thick flov. In tliia case the con- 
tact with the older rocks, which is well exposed near Pomeroy 
Pass, shows no evidence of an extrusion over a surface of erosion. 

DIKES AND SHEETS 

In the chapter od petrography mention is made of the varions 
rocks which occur in dikes most of which are less than fifty feet 
wide. Special mention need be made here of only one dike — that 
which extends from Browns Gulch to the west slope of Clover 
MouDtain, a distance of eight and a half miles. In the vicinity 
of Middle Fork and Monnmental Mountain the dike widens to 
form a large stock; or the extensions of the dike toward the 
northeast and the southwest of the stock of Middle Fork might 
be considered great apophyses from the stock. There is little, if 
any, doubt that the stock and dike were formed at the same time 
and by the same magma. This dike varies in width from several 
hundred feet east of Jennings Gulch to fourteen feet south of 
Shavano on North Foric. 

Intrusive sheets — ^that is, masses of dike-like form intruded 
parallel to the bedding of sti^tifled rocks — are relatively anim- 
portant in the area mapped. They are found, however, in both 
districts surveyed, and are generally farmed of porphyrj'. They ■ 
are commonly continuous with dikes — that is, extensions of 
dikes — which may cut the strata at any angle. 

RELATION OF INTRUSIONS TO PREVIOUS STRUCTURE 

It is not improbable that the intrusion of such large masses 
may have had some infiuence on the previously existing structure 
of the region, but no important effects of intrusion other than 
contact metamorphism have been observed in the older rocks. 
Not even an appreciable gneissoid or schistose structure has been 
developed in the older rocks near the intrusions, and no local 
folding has been seen. Eruptive contacts are found cutting at 
almost any angle beds, folds, and faults, as well as planes of 
schistosity. The observed phenomena, therefore, indicate that 
the intrusion was effected after the crustal deformation; the 
latter may hare been an important cootributing cause of the 
intrusion. 

Obviously the study of a small area bordering a lai^e bath- 
olith does not justify any conclusion as to the relation of the 
batholith and its satellites to the broader pre-iotrusion structure. 
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Only after the entire region invaded by the batholith has been 
studied. and the general facts of crustal folding determined, can 
a discufiaioQ of the subject have any coDsiderable value. Id any 
event, such a discussion must necessarily be more or less specu- 
lative. 

CONTACT METAMORPHISM 

The eudomorphie contact metamorphism of the intrnsive 
bodice of this region was uoimportant. In a few casea a finer 
grain or greater acidity than the average of the iotrnsion may 
be seen near the margin. The ezomorphic contact-metamor- 
pbic effects on intruded igneous rocks are relatively unimport- 
ant. These appear to be local and confined to a narrow stHi 
near the intrusive body. They include a directional structure 
caused by shearing, an insignificant crushing and grinding, and 
mineralization of the intruded rocks. 

On the other hand, every variety of the Paleozoic sediments 
of both districts surveyed has undergone pronounced metamor- 
phism. This was doubtless effected mainly by the intrusion 
of the Princeton quartz monzonite, but there are evidences that 
other intrusions — even the dikes — played a part locally. The 
coutact-metamorphic zone in the sedimentary rocks will aver- 
age more than a mile in width from the border of the exposed 
quartz monzonite, and there has locally been slight develop- 
ment of contact-metamorphic minerals at least two miles from 
the outcrop of the intrusive rock. It is probable, however, that 
in some places the quartz monzonite extends, under the sedi- 
ments and is less remote vertically from the sedimentary out- 
crops tban it is horizontally. 

The extreme metamorphism of the sediments west of the 
Star fault in contrast with only incipient metamorphism of the 
same. strata east of that fault virtually proves that the pro- 
nounced faulting was consummated prior to the intrusion of the 
quartz monzonite. Had faulting succeeded the intrusion and 
attendant contact metamorphism an equal degree of alteration 
might be expected in the same strata on both sides of the fault. 

Oiven a few weeks in the Monarch and Tomicbi districts 
for the field study of contact metamorphism and suEBcient op- 
portunity later for microscopic and chemical analyses, one could 
doubtless collect evidence that would contribute a little toward 
the solution of contact-metamorphic problems. In the conrse 
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of the present sarre; no time was available for the special 
stady of the subject; and the only information at hand is that 
which was gained incidentally during the areal mapping and 
by a subsequent examination of the Bpecimen& collected. Con- 
sequently this section will be chiefly descriptive. 

MAKBLB 

Marble occurs in both the Monarch and Tomichi districts in 
great masses, and is perhaps the commonest contact-metamor- 
phic rock in the region. Large exposures are found on Missouri 
Hill, in Taylor Gulch, about a quarter of a mile west of Mon- 
arch, on Lake Hill, West Point, Porcnpine Ridge, and Mount 
Stella, and near the northwest comer of the Tomichi district. 

The texture ranges from very coarse to fine-granular. Al- 
though the purer marble is commonly white, a blue variety 
is not rare. Oood examples of medium-grained, blue marble 
may be seen in the quarries at Garfield and in the Jewell tun- 
nel. On the divide near the head of Taylor Onlch a coarse blue 
marble contains grains up to half an inch in diameter. In the 
last named locality the coarest white marble is also found. 

The microscope shows the purest marble to be composed 
entirely of calcite or dolomite grains, practically all of which 
are polysynthetically twinned. But in many places, silicates 
have been developed in the marble in the process of metamor- 
phism; leas commonly, graphite has been formed. Varieties 
containing the minerals named will be briefly described in the 
following paragraphs. 

Wotle^tonitic marble. — Although in the main the marble 
of the Garfield quarry is composed of nearly pure calcite, there 
are occasional bunches of white wollastonite having a maxi- 
mum diameter of about one inch. The wollastonite confains 
suflQcient intermixed calcite to cause effervescence in acid. The 
hardness of the wollastonite is about 3, owing probably to alter- 
ation and the presence of considerable caicite. The mineral 
has a radiating structure and good cleavage. In thin section 
it is seen to be fibrous. 

Graphitic marble. — Black marble which .closely resembles 
carbonaceous shale in appearance, is found in a few places in 
the Monarch district. It is possible, also, that many beds which 
were considered to be shale when observed in the field may 
contain a high content of lime. The black marble is fine to 
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medium in texture. A thin section of very fine-grained black 
marble from the south slope of Syncline Hill contains about 
80 to 90 per cent of oalcite, in small untwinned grains. Fin« 
grains of graphite and magnetite are inclosed by the calcite and 
are abundant in the interstices among the calcite grains. A 
thin section of a medium-grained black marble from north of 
Bobs Lake contains about 90 to 95 per cent of calcite. The 
remainder is chiefly graphite and magnetite. In this specimen 
a small proportion of the calcite grains are twinned.. 

, OUcinitiG marble. — The marble inohision in the quartz 
monzonite on Mount Stella varies considerably in composition. 
A specimen taken from near the northwest corner contains 
numerous dark spots, and somewhat resembles a fine-grained 
diorite in appearance. The microscope discloses magnetite pow- 
der, a colorless, isotropic mineral, grains of olivine, and much 
calcite. The colorless, isotropic mineral is in minute grains 
with a high index of refraction and a border of magnetite pow- 
der. It is probably a garnet. The olivine is abundant in small 
crystals with rude outline. Many individuals examined in con- 
vergent light are optically negative, indicating a considerable 
liercentage of iron. The olivine shows the ordinary serpen- 
tinization. Not far froih the olivinitic marble is much massive 
serpentine in veins and patches one to two inches thick inclosed 
by coarse calcite. This serpentine is probably derived from the 
olivine 

A specimen of white marble with a few grains of olivine 
and no garnet was taken from a prospect on the northwest 
slope of Vulcan Mountain. A specimen from a prospect tunnel 
near the Morning Star mine is a fine-grained, bluish gray mar- 
ble speckled with small dark green crystals and a few pyrite 
grains. In thin section the rock is seen to be made up in large 
part of small calcite grains, of which comparatively few are 
twinned. Very little pyrite is present, A mineral of the olivine 
group in fairly well shaped crystals forms perhaps 10 per cent 
of the rock. 

Diopaidic marble. — On Missouri Hill the white marble derived 
from the Ordovicion limestone contains many nodules and seams 
which replace chert nodules and seams of the original sedi- 
ments. The white cores of the nodules and main part of the 
seams are composed of microgranular diopside. The green 
borders are of serpentine — mainly massive, in small part fib- 
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roua — derived from the diopside. In thin Bection the diopside 
ip Been to be mostly in very fine grains with a few aggregates 
of coarser grains. Moat cross-sections of the diopside show 
ciiDopioacoidal cleavage. A few individuals have prismatic 
cleavage in addition. A few small grains of diopside are found 
in the snirounding marble which is composed mainly of twinned 
calcite grains. The diopside is clearly a replacement of the 
original chert of the limestone. Apparently nnder the influence 
of the metamorphic agencies originating in the intrusion of 
quartz monzonite, the calcium-magnesinm carbonate of the lime- 
stone reacted with the silica of the chert, which process re- 
sulted in the formation of diopside. 

Near a dike in Cree Camp the marble carries more coarsely 
crystallized diopside associated with asbestos. The silicates 
here are in bunches of radiating prisms and fibers which do not 
preserve any original structure of- the sediments. 

Ophicalcite. — In the paragraph on diopsidic marble men- 
tion was made of the common serpentiuization of the diopside. 
A variety of serpentinous marble different from that described 
was found in Taylor G-ulch, in the Jewell tunnel. This is a 
dark greenish -gray, dense rock having numerous dark-colored, 
phenocrj-st-Iike forms two to four millimeters long. The micro- 
scope shows these forms to be serpentine. The bulk of the 
rock is made up chiefly of minute, untwinned grains of calcite. 
It is probable that both serpentine and calcite were derived 
from a lime-magnesia silicate and hence formed snbseqneutly 
to the contact metamorphism of the original sediments. 



In addition to its being a minor constituent of marble and 
ol the matrix of some quartzite, diopside locally occurs in masses 
several feet thick and many yards long. A few hundred feet 
west of the Victor mine a prospect discloses one of these bodies 
which replaces a stratum of the original sediments at least six 
feet thick. Smaller patches of the same mineral are found in 
the limestone a few feet east. On the north slope of West 
I'oint, blocks on the dumps of prospects at the base of the 
Tomichi limestone show that a mass of diopside several feet 
thick exists here. 

The diopside is massive and, on fresh surfaces, is pale 
greenish-gray. Much of it is free from any admixture of other 



.dr,yGoogIe 



til MONARCH AND TOMICHI DISTRICTS 

niirieralB. Calt-ite niaj occur in small patches and also in very 
tbin Beams which fill fracture planes. In thin section the dio{>- 
side is seen to be micro-granular; a few grains show prismatic 
cleavage. Most of the diopside is practically unaltered, but a 
slight degree of serpentinization has taken place' along the 
border of individual grains. Berpentiiie, in bands up to two 
inches thick, occurs near one border of the mass west of the 
Victor mine. The diopsidc here is slightly brecciated, and in 
openings are seen many tufts of small acicular crystals of arago- 
uite, associated with serpentine. Evidently both aragonite and 
serpentine were derived through the alteration of diopside. A 
specimen of galena in contact with diopside was found on the 
dump. 

On the north slope of West Point much of the diopside is 
associated with an equal quantity of a colorless to pale green 
micaceous mineral with hexagonal outline. The crystals of the 
micaceous mineral are mostly less than two mitlimeters in diam- 
eter, and commonly inclose minute grains of diopaide. Id thin 
section the mica is colorless and does not sensibly absorb light 
vibrating in any plane. It gives a perfect uniaxial interferenct 
figure and is optically negative. As determined by comparlsou 
with diopside the birefringence reaches at least .04. Blowpipe 
and chemical testK show that the mica is phlogopite. 

(JAKNET (ANDH.\niTE AND ALMANDITB) 

Garnet is very common near the head of Taylor Gulch and 
at Cree Camp in the contact-metamorphic zone. It ranges from 
a minor constituent in the lime-silicate metumorphic rocks to 
practically pure garnet rock. In texture it varies from massive 
to coarse-granular, forming crystal^ nearly an inch in diameter. 
The color is commonly gray-green, yellow-green, or brown. In 
a few exposures the weathered surface is black, owing probably 
to a coating of maganese dioxide. 

Fine-granular, massive, gray-green to black garnet replaces 
sediments through a thickness of about 35 feet, on the east 
shoulder of Taylor Mountain, just above the Ouray limestone. 
West of this, for many yards, narrow bands of garnet, in part 
coarsely crystallized, alternate with beds of quartzite and baked 
shale. Fine-granular garnet is also found in considerable quan- 
tity near the base of the Ordovician limestone along the trail 
which goes down into Cree Camp from the divide at the head 
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of Taylor Oulcb. Smaller quantities occur in the marble near 
Cree Camp, along the granite-limestone contact on the south 
west slope of Missouri Hill, and on the west side of Taylor 
Oalch near the quartz moozonite. In the New York mine gar- 
net was found associated with zinc blende and diopside. The 
best ore of the Clinton mine is said to have been associated 
with garnet. 

Outside of the localities mentioned not much garnet was 
observed. However, not far east of the highest workings of 
the Columbus mine, in Columbus Oulch, coarsely crystallized 
garnet may be seen on a prospect dump. Fart of the marble 
on Mount Stella carries an isotropic mineral which is probably 
garnet. Near the northwest corner of the Tomichi district, a 
loose block of hornfels coated on one face with numerous small 
red garnet crystals, was found. 

Many specimens from Taylor Oulch and Cree Camp were 
tested qualitatively and found to be andradite, 3CaO.FeiOg.3BiOt. 
A small quantity of aluminum commonly replaces part of the 
iron. The red garnet from the Tomichi district is shown by 
chemical tests to be almandite, 3FeO.Al,0(.3SiOt. Rhombic 
dodecahedrons are present on all the well developed crystals 
observed. Many andradite crystals show a combination of the 
dodecahedron and trapezohedron. 

Thin sections of andradite show two types of anomalous 
double refraction. In the first the entire crystal is doubly re- 
fracting, in four, five, or six sectors (PI. XIV, A). The second 
type contains alternating isotropic and anisotropic zones (1*1. 
XIV, B). The core of a few crystals is anisotropic while thi' 
outer part is in zones. The core of other crystals is isotropic, 
while the outer part is zoned. 

Epidote and calcite, in small amount, are commonly asso- 
ciated with the garnet. Quartz as an associate is perhaps less 
common. 

EPIDOTB BOCK 

Epidote, resulting from the metamorphism of calcareous 
sediments, is one of the commonest contact metamorphic min- 
erals in the region mapped. In only a few places, however, does 
it form the bulk of the rock. Rock having a high epidote con- 
tent occurs in considerable quantity on the west slope of Mis- 
Boari Hill in the sedimentary area not far from the quartz 
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moDzonite. Large bodies of similar rock are iucloaed by the 
quartz monzoDite on the northeast shoulder of Taylor Moun- 
tain. These evidently represent maeBes of the sediments picked 
up by the monzonite and completely altered. 

Probably 80 to 90 per cent of the rock mass is composed of 
yellowish-green epidote. Freshly broken pieces show small cav- 
ities into which numerous crystals of epidote project. Chemical 
tests sbow the presence of considerable manganese in the epi- 
dote. In thin sections a small quantity of chlorite and some 
quartz are seen in addition to the epidote which is strongly 
pleochroic in yellow and green tones. The epidote is anto- 
morphic toward the quartz which poifcUitically incloses many 
small epidote crystals. 

ANrHOPHYLLlTE-EPIDOTE HOCK 

This rock is found west of the small quartz monzonite stock 
west of Cree Camp. It is very tough and on fresh fractures is 
olive green. Weathered surfaces have a black, sooty coating of 
manganese dioxide derived probably through the weathering 
of epidote. In addition to the small grains of yellowish -green 
epidote, a few grains of quartz and many cleavage faces of a green, 
flnely-flbrous mineral are present. Most of the cleavf^ge faces 
of this mineral, which the microscope shows to be anthophytlite, 
are less than three millimeters Id diameter. 

Under the microscope are seen epidote, anthophyllite, 
quartz and a litle calcite. The epidote, which is strongly pleo- 
chroic, is pi-escut in comparatively small amount. It is partly 
in small, formless grains and partly in well-shaped crystals in- 
closed by quartz. Quartz and anthophyllite, which make up 
the greater part of the rock, are present in nearly equal quan- 
tities. The anthophyllite is elongated in the direction of thp 
prismatic cleavage traces, but has a rather poor outline with 
ragged borders. The parallel extinction, positive elongation, 
perfect cleavage, low relief and birefringence of about 0.025 as 
shown by the greenish-blue interference color in a section u 
little less than 0,03 mm. thick are properties which serve to 
determine this mineral with a good degree of certainty. It is 
light green and perceptibly pleochroic. Z=;pale green, Y = 
yellow-green, X=: yellow-green. 
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MBTAMOBPHOSBD BEALB 

The Bhale of the contact-metamorpbic zone shows almost 
every degree of alteration between incipient metamorphism and 
thorough baking with consequent crj'Stallization. Locally iron 
sulphides were deposited in small quaotity, but it is not pos- 
sible in every case to determine whether this was effected by 
chemical combination and crystallization of contained elements 
or. by replacement. 

Id the less pronounced metamorphism, the shale is mod- 
erately indurated and contains disseminated grains or small 
aggregates of marcasite or pyrite. On the east shoulder of 
Taylor Mpuntaia the shale near the top of the Ouray limestooo, 
carries small grains of iron disulphide and many minute spher- 
ical black patches which evidently contain & large proportion 
of graphite. West of Taylor Gnlch a hard, dense, light gray to 
dark gray hornfels is abundant. The hornfels on the southwest 
slope of Calico Mountain 4n contact with the quartz monzonite 
gneiss contains a little graphite and numerous minute grains of 
monoclinic pyroxene. Near Boss Lake pyrrhotite, apparently as 
a replacement, occurs in small patches and narrow bands in a 
hard, black shale. 

Cordierite hornfels. — Cordierite hornfels, which has been 
formed by the alteration of shale, is one of the most common 
contact-metamorphic rocks of the Monarch district, and will be 
described in considerable detail. It is especially abundant on 
the south slope of Syncline Hill, abont half a mile east of the 
small quartz diorite stock and a mile south of the exposure of the 
large body of quartz moozonite. Beveral of the shale beds east 
of Kangaroo Gnlch have been changed to cordierite hornfels. 
This rock is also found near the porphyry dike abont a mile 
east of Boss Lake. 

The cordierite hornfels is a very hard, dense, dark gray 
rock which has lost its original bedded structure. It often has 
a bluish or pink cast. Weathered surfaces are dirty gray. 
Surfaces but little weathered show numerous, minute gray or 
white specks about half a millimeter in diameter; these are 
altered surfaces of cordierite grains which locally make up 
nearly one-third of the rock. On fresh fractures these grains 
can scarcely be detected. Surfat^es long exposed to weathering 
are pitted owing to the complete removal of the cordierite. 
The rock gives a metallic clink when stmck with a hammer, 
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' and breaks with an aneven fracture, into sbarply angular 
fragments. 

Thin sections from Beveral localities were examined, bat 
one from a specimen taken from three feet below the porphyry 
dike aboDt a mile east of Boss Lake shows the greatest develop- 
ment of cordierite. Under the microscope the rock strongly 
resembles a porphyry in texture. Cross-sections of the cordi- 

. erite crystals are roughly hexagonal to circalar in outline aod 
nearly all show the characteristic twinning. This produces six 
sectors which extinguish in pairs of 
diagonally opposite sectors (Fig. 4). 
The cordierite crystals are crowded 
with microscopic inclusions among 
which are numerous minute dakes of 
biotite, a few crystals of apatite, and 
occasional black grains of what is prob- 
ably gi'aphite. 

The microcrystalline matrix forms ^"p^ *;-^'f'*" •'Jj^ '•'"f" 

■' at ooidiMfti In MtdlariU konfali. 

about two-tliirds of the rock mass. Of 

this about one-third to one-half is biotite in minute brown, pleo- 
throic flakes. The remainder appears to be lar^\y cordierite with 
n few minute crystals of apatite and some graphite powder. 

In a variation from this type the cordierite is in micro- 
poikilitic patches with indistinct outline and no evident- twin- 
ning. The inclasions in the cordierite and the minerals mak- 
ing up the bulk of the rock are quartz and biotite. The quartz 
grains here are probably the original sand grains of a shaly 
sandstone or sandy shale. Another variation shows smaller 
cordierite crj-stals, with no pronounced twinning, in an extremely 
flne-textured matrix. 



The original sandstones and arkoses of the Oarfield and 
Kangaroo formations have been generally changed to quartzite 
— probably without the recrystailization of the quartz and feld- 
spar, but by a thorough crystallization of the cementing mate- 
rial. In the specimens that have been examined microscopic- 
ally, trem elite, diopside, biotite, and magnetite have been 
formed in varying bnt considerable quantities. On the east 
shoulder of Taylor Mountain, the weathered quartzite strik- 
ingly resembles an ancient gneiss in appearance. Careful ex- 
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amination sbows that the banding ie parallel to the orlgioal 
hedding planee. Biotite and magnetite are the chief black min- 
erals of the dark bands. 

MISCELLANEOUS CONTACT- METAMORPHIC MINERALS 

A few coDstitDeots of the contact-metamorphic rocks just 
deecribed and a few other minerals that have been formed 
through contact-metamorphic agencies in minor occurrences 
which cannot be considered rock masseB, will be mentioned. 

Tremolite. — As noted above, this mineral is a component of 
certain quartzites. It has not been certainly identified in the 
marble, though its presence there might be expected. What is 
very probably tremolite is found in the upper part of the 
Tomichi limestone along the creek east of Qarfleld, and in the 
Ouray limestone near the David H. mine in the Tomichi dis- 
trict. Fine-grained tremolite, in considerable quantity, is as- 
sociated with serpentine and magnetite in the ores of the Iron 
King mine in the Tomichi district. 

Actinolite. — Actinolite in radiating tufts is aaaociated with 
magnetite at the limestone-granite contact on the southwest 
slope of Missouri Hill. A large specimen of dark green quartz 
associated with garnet crystals, epidote, and actinolite was 
found in the moraine at Cree Camp. Thin sections show that 
the green color of the quartz is due largely to inclosed green 
actinolite. The actinolite is abundant as short, stout crystals 
which fray out at the ends into multitudes of fibers. The quartz 
also incloses a great number of very slender, acicular crystals 
of actinolite which are not connected with the larger crystals. 
Inclusions of garnet and epidote are also present in the quartz. 

Asbestos. — Small patches of asbestos with parallel, or 
nearly parallel fibers are rarely seen in the marble. In the 
form of mountain leather the same mineral has been found in 
small sheets in the marble of Taylor Gulch. 

Serpentine. — The occurrence of serpentine in the marble of 
the Monarch district, and with tremolite and magnetite in the 
Tomichi district, has been mentioned. In the latter occurrence 
it may be seen in masses several inches across. On the south 
slope of Mount Etna it is associated with magnetite and what 
is probably olivine. But little of the last named mineral is now 
present. It is probable .that all the serpentine noted in these 
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districts baa been derived from silicates of calcium, magnesinm, 
aod iron tbat were formed tbroagb contact-metamorpbic 
agencies. 

Quarts. — Quartz bas not l>een detected in thin Bections of 
tbe marble, but it is a common constituent of other rocks. It 
evidently crystallized subseqnetitlj to the garnet, epidotc, 
and actinolite. The source of the late-deposited quartz in the 
contact-metamorpbic zone was probably the same as the source 
of the quartz of the fissure veins in the quartz monzonite. 

Metallic minerals. — Magnetite is a rather common mineral 
in the contact-metamorpbic zone. It occurs in bodies from sev- 
eral feet to many yards across, on the soutbwest slope of Mis- 
soari Hill, near the head of Taylor Gnlch, on the southeast 
slope of Taylor Mountain, at Boss Lake, in and near the Morn- 
ing Glim fault, and on Mount Stella. On tbe south slope of 
Mount Etna it is common in curved or distorted bands alter- 
nating with serpentine. Sphalerite is associated with diopside 
and garnet in Taylor Gulch, in the New York mine. Galena 
was found in contact with diopside on West Point. Pyrrbotite, 
pyrite, and probably marcasite are found in tbe shale near 
Boss Lake. 

Though sphalerite, galena, and magnetite are associated 
with characteristic contact-metamorpbic minerals and may 
therefore be considered of tbe same origin, there is evidence 
that part of the magnetite was deposited subsequently to tbe 
tremolite and the ^ sphalerite subsequently to the diopside. 
Microscopic fissures with ragged walls — and hence formed by 
contraction rather than shearing — are found in tbe tremolite. 
Both magnetite and serpentine were deposited subsequently to 
tbe flasuring. In a thin section of sphalerite and diopside 
(PI. XX, A), the sphalerite appears to have replaced some ma- 
terial, probably calcite, after the diopside had formed. Tbe diop- 
side is automorphic toward the sphalerite which incloses small 
crystals of the former mineral. 
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CHAPTEE Vn 

LOCAL GEOLOGY 

A Bommar; of tbe geology of individual areas will be given 
in this chapter for tbe convenieDce of those who may want 
the essential features of a particular area and lack the time 
to extract them from the details given in previous and suc- 
ceeding chapters. 

MONARCH DISTRICT 
HONABCH HILL 

Monarch Hill, as here taken, is the northeast part of a 
long ridge which extends southwest to the Continental Divide. 
Pre-Cambrian granite is exposed continuously on the east and 
southeast slope of the hill from near the crest downward. The 
same rock forms the entire ridge south of an east-west line 
about a mile and a half south of Monarch. One narrow dike 
of porphyry cuts the granite on the east slope about a mile 
from the highest point. Paleozoic limestone with a little 
quartzite is exposed on tbe northwest slope of the bill. 

The granite is a gray to reddish rock composed essentially 
of potash feldspar, quartz, and biotite. It varies from even- 
granular to porphyritic, and is commonly massive. 

Beside occasional small remnants of the Sawatch quartzite 
lying on the granite, the sediments include tbe Tomichi lime- 
stone, Ouray limestone, and a small part of tbe Garfield forma- 
tion. ' The Tomichi formation, which is of Ordoviciao age, is 
composed chiefly of biuish-gray, cherty limestone. The forma- 
tion is 350 to 400 feet in thickness. At about two-thirds of 
tbe way between the base and the top is a stratum, or several 
strata, of medium to coarse quartzite, locally called the "part- 
ing quartzite." The thickness of tbe quartzite varies from 
about 20 to 35 feet. The topmost part of tbe Tomichi limestone 
is variably dolomitic, sbaly, and siliceous in composition. In 
part it is dark in color and weathers to chocolate brown. 
Overlying the Tomichi limestone is tbe Ouray formation which 
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includes strata of both the DevoniaD and Lower Carboniferous 
systems. Tbe entire formation is about 60O to 700 feet thick 
on Monarch Hill. The lower part is a maesive gray to blue 
limestone, part of which is yellow on weathered surfaces. The 
upper part is black to gray massive dolomite. A few bnndred 
feet south of Monarch is an outcrop of quartzite and conglom- 
erate of the Qarfield formation which overlies the Ouray lime- 
atone. The quartzite and conglomerate are probably of Upper 
Carboniferous age. 

By strong compn'ssive forces the sedimentary rocks were 
folded and now form a syncline whose axis trends a few de- 
grees east of north. The strata of the east limb of the fold 
dip northwest at an average angle of about 35°. The west limb 
is in part nearly vertical, and in part dips westward at an angle 
of 25° to BO", having been overturned by the thrust. Where this 
limb is overturned the granite is thrust up over the limestone. 
This overturn evidently passes, near the foot of the hill, into a 
thrust fault, which trends northward and passes under Boss Ijal^e, 

In addition to the fault mentioned — the Lake fault — there 
are on Monarch Hill at least three faults which strike north- 
westward. Two of these, tbe Madonna and the Mayflower, are 
shown on the geologic map. Because of lack of proof of con- 
tinuity of the third important fault it is not represented on 
the map, but it is probably not far from the section which 
passes through the Hawkeye and Silent Friend mines and was 
taken along the line D-D of tbe geologic map. The throw on 
these three faultR is comparatively small. Tbe Madonna fault 
is a thrust and dips steeply toward the southwest. On the top 
of the hill the olTset of the granite-limestone contact at this 
fault is about 500 feet. The same contact is offset about 200 
feet on No. 6 level of the Madonna mine not far above the 
creek. The Mayflower fault dips steeply southwest. At the 
top of the hill this fault is a gravity fault — that is, the down- 
throw is on the hanging-wall side. It is not improbable that 
the upthrow is on tbe same side near the creek level, and 
the fault therefore a rotary fault. The Hawkeye fault shows 
a displacement of only a few feet in the Hawkeye mine, but 
there is strong evidence that the same fault passes through 

Silent Friend mine with a much greater displacement. 
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Ore bodies were deposited in the faults named and spread 
laterally, replacing much of the limestone walls. The largest 
known ore bodies are in the form of long shoots and are not 
far above the granite. (See fig. 10, p. 226.) Other ore shoots 
in the limestone near the granite have the same trend as the 
longest known shoots, but it is not known that they were 
deposited along faults. Still other ore bodies are found In the 
limestone several hnndred feet above the granite. 

The South Fork of the South Arkansas has eroded a val- 
ley 1,400 to 1,600 feet deep in granite and shale north and west 
of Monarch Hill. This erosion was effected almost entirely in 
pre-PIeistocene time before glaoiers deposited the moraines 
which now, with recent alluvium, occupy part of the valley 
bottom. 

SYNCLINB HILL AND BOSS LAKE 

The greater part of Syncline Hill is formed of Upper Car- 
boniferous, or Pennsylvanian sediments. The rock of a small 
area at tbe top may be of Permian age- The strata are folded 
into a sharp syncline (PI. XII) and, on the west, are in fault 
contact with pre Cambrian granite. The thrust which breugbt 
the granite up into contact with the sedimentary rocks shows 
a displacement of more than 4,000 feet. 

Tbe west limb of the syncline is vertical; tbe east limb, 
which is a stratigraphically higher part of tbe east limb of 
the syneline on Monarch Hill, has a northwest dip of 30° 
to "75*. The sedimentary rocks 'were originally limestone, 
shale, sandstone, and arkose, but by contact metamorpbism 
they have been largely changed to marble, horufels, and quartz- 
ite. The metamorpbism was doubtless brought aboat by the 
large intrusion of quartz monzonite whose southernmost ex- 
posure is about a mile north of the hill. One narrow dike of 
porphyry is found on the southeast slope of the hill. Moraines 
cover much of the east and north slopes. 

Boss Lake occupies a depression over the Lake fault at 
the contact between tbe metamorphosed sediments and pre- 
Gambriao granite. The basin was formed by the scouring by 
a glacier which moved eastward down tbe valley of Lake Fork. 
A few dikes of porphyry east and north of the lake and a few 
dikes of granite north of the lake cut the metamorphosed sedi- 
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Dieuta. Metallic mioerals in coDsiderable qaantity occnr in the 
metamorphosed Bedimente and in or near the fault plane. Thi- 
minerals include pyrite, pyrrhotite, galena, zinc blende, mag- 
netite, and limonite. Gold and silver are present in small amount. 

TAYLOR OULCH 

Taylor Gnlch is a steep valley 500 to 1,000 feet deep, which 
has been formed by the erosion of Paleozoic sediments, chiefly. 
The deepest part of the valley is in the Oaray limestone. Oat- 
cropping in the valley, from east to west, are the pre-Cam- 
brian granite, Tomicbi limestone, Ouray limestone, and Oar- 
fleld formation. A remnant of the Sawatcb qnartzite is found 
in the Lilly mine. All the strata stand nearly vertical. East 
of the gulch the dip is from 75° west to 70° east. West of the 
gnlcb the dip ranges from 55° westward to vertical. 

The Paleozoic sediments, for the most part, belong to the 
east limb of a large syncline into which the syncline of Mon- 
arch Hill merges. The granite-limestone contact on the east 
border of the fold is nearly vertical, and for a considerable dis- 
tance dips at a high angle toward the east. There has been 
much faulting near the head of Taylor Qulch, but the faults 
can be traced only short distances. Similarity of roclf on both 
sides of the dislocations and the covering of talus make it 
difficult to trace known faults and to prove the exislence of 
probable faults. 

The quartz monzonite intrusion which extends southwest 
nearly to Boss Lake cuts off the strata west of the head of 
Taylor Gulch. Porphyry dikes are found in the pre-Cambrian 
granite, Paleozoic sediments, and quartz monzonite. A few 
granite dikes — apophyses of the quartz monzonite body — cut 
through the sedimentary rocks. Nearly all the sediments of 
the gulch have been greatly metamorphosed as a result of the 
intrusion of quartz monzonite. Marble, qnartzite, hornfels, 
garnet, and epidote are found in abundance. 

Several large ore shoots and many smaller bodies in the 
sedimentary rocks of Taylor Gulch, have been developed. The 
largest ore bodies hitherto discovered were found in the lime- 
stone near the granite, but good ore has been found about half 
a mile from the granite — that is, nearly half a mile strati- 
graphically above the oldest sedimentary beds. 
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There is no known evidence that a glacier occupied the 
upper part of Taylor Gulch. There are, however, at the lower 
part of the gulch, remnants of moraines that were probably 
deposited by the large glacier that moved down the South 
Arkansas. 

CBBE CAMP 

The oldest strata of Taylor Gulch continue northward to 
Cree Camp where they are sharply bent, forming an anticlinal 
fold. The folding, though more gentle, continues for some 
distance toward the southeast, and at about one-fourth of a 
mile southeast of the camp the trend of the limestone-granite 
contact is nearly due south. At less than half a mile from the 
camp the same contact bends sharply to the east and north, 
forming a synclinal fold, and continues northward with the 
same trend that it has in Taylor Oulch, having been offset 
about two-fifths of a mile. The dip ranges from about 50° to 
90". 

The Paleozoic sediments are exposed throu^out an area 
of not more than one-half square mile. On the northwest they 
are cut off by the quartz monzonite, which is also found in two 
small stocks surrounded by sedimentary rocks. A porphyry 
dike trending northeastward outcrops near the camp and again 
on the southwest slope of Missouri Hill. Nearly all the Paleo- 
2oic sediments have been thoroughly metamorphosed. Marble, 
quartzite, garnet, and epidote are abundant. Two mines in the 
limestone have produced ore. 

A moraine several miles long occupies the valley below 
the camp. 

MIDDLE FOBS 

The deep valley of Middle Fork, which is nearly five miles 
long, has been eroded chiefly in Paleozoic sediments, qnartz 
monzonite, quartz monzonite porphyry, and quartz latite por- 
phyry. It is separated from the valley of Chalk Creek by Chalk 
Creek Pass which, though over 1,200 feet in elevation, is about 
1,000 feet lower than the peaks on each side. Glaciation has 
materially widened the valley and planed down irregularities 
throughout nearly the entire length of Middle Fork. The 
youngest moraines of considerable size are found three miles, 
or more, from the pass. 
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The quartz monzonite porphyry — called in this bulletin 
Etna porphyry — is the moat important igneoua rock in areal 
extent in the valley. A prominent characteristic of this rock 
"is the great numher of large, pink or reddish phenocrysts of 
orthoclase (PI. XI, B). The Etna porphyry forms a very irrego- 
larly-8hai»ed stock which cuts through the fine-grained quartz 
latite porphyry. Much volcanic breccia is found on the west 
rim of the valley together with several large masses of Paleo- 
zoic sediments that are inclosed by igneous rocks. 

A few ore bodies in fissure veins and at eruptive contacts 
have been mined in the Middle Fork valley, but thorough pros- 
pecting has been retarded by the great amount of sliderock, 
by the heavy snow which remains nearly throughout the year, 
and by snowslides. 

COLUMBUS AND KANGABOO GULCHBS 

These very steep gulches, tributary to Middle Fork, are 
strongly suggestive of hanging valleys. They have been cut 
chiefly in the late Paleozoic strata which stand nearly vertical. 
These strata have been cut off by the intrusion ot quartz mon- 
zonite which is partly within the Columbus valley. Northeast- 
ward-striking porphyry dikes are common in both the quartz 
monzonite and sedimentary areas. By contact metamorphism, 
the ■ sandstones and shales of the original strata have been 
changed to quartzite and bomfels. 

A few small ore bodies in the sediments and larger ones in 
the fissure veins in the quartz monzonite have been mined. 



The North Fork valley may he divided into three parts, 
each having a length of about three miles. In the lower di- 
vision the valley is less than a mile wide, rather flat at the 
bottom, and bordered by high terraces. (See Chap. I.) The 
middle division is a deep U-shaped canyon formed by stream 
and glacier erosion. The walls are of pre-Cambrian gneiss for 
the most part, though granite and quartz monzonite form the 
walls near the upper end of this division. The upper division 
includes several tributary valleys as well as about one-third 
of the main valley. All these valleys head in glacial cirques 
where lakelets are numerous. Part of the lake basins were 
formed by glacial gouging; others are the result of morainal 
damming; a few owe their existence to repeated accumulations 
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of snow at the foot of clifTs or to the combined effects of snow- 
bankB asd glaciers. Without doubt the glaciers were very 
effective in both deepening and widening the valleys. Moraiual 
bonldera are abundant in the main valley, particularly in the 
middle and lover divisions. 

The rocks of the upper division include the Pomeroy quartz 
monzonite, quartz latite porphyry, andesite, and quartz mon- 
zonite gneisa Fissure teius are common in the quartz monzonite. 
Hayable ore has been found in several fissure veins and at one 
eruptive contact. 

BROWNS aULCH 

The physiographic features of Browns Qulch are similar to 
those of North Fork. Glaci^s were also very effective agents 
here in widening and deepening the valley. The canyon walls 
of the middle division are chiefly of poet-Paleozoic granite. 
Pomeroy quartz monzonite and andesite are the principal rocks 
of the upper part of the gukb. A small amount of silver-lead 
ore has been found near the southwest rim of the gulch ; molyb- 
denum ore is present on the north side. 

TO MIC HI DISTRICT 
LAKE HILL, WEST POINT, AND PORCUPINE RIDOE 

The principal rocks of the general region containing the 
three localities named are pre-Cambrian granite, Paleozoic sedi- 
ments, and quartz monzonite. The granite is gray, massive, and 
almost uniformly porphyritic. Small orthoclaae phenocrysts 
make up more than half the rock mass. The groundmaes is com- 
posed of quartz, orthoclase, and biotite, all of which can be seen 
by the naked eye. The quartz monzonite is rarely porphyritic, 
contains less quartz than the granite, and carries a greater pro- 
portion of lustrous biotite. The sediments include the Sawatcb 
quartzite, Tomichi limestone, Ouray limestone, and the lower 
part of the Garfield formation. These formations are the same 
as those briefly described in the paragraphs on Monarch Hill 
and Taylor Gulch, and like the sediments of Taylor Gulch they 
have been greatly metamorphosed over much of the area. A lai^ 
quantity of the limestone has been changed to marble, shales have 
been hardened and locally baked, and massive diopside has been 
locally formed. 
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The strata dip eastward at an angle of 30" to 60°. (See PI. 
Xyi, B). Northeast of Lake Hill and Porcupine Ridge the 
gi-anite has been faulted up against the sediments along the 
plane of the Morning OUm fault on which the displacement is 
more than 1,000 feet. The granite underlying the sediments of 
Lake Hill has been faulted up, along the Star fault, against the 
eastn'ard-dippiug strata of West Point. The displacement here 
is probably 2,000 feet or more. The lower Paleozoic sediments 
of West Point overlie the pre-Carabrian granite. On Porcupine 
Hidge the quartz monzonite is intrusive in these sediments and 
cuts off the Morning Olira fault. 

Several dikes of porithyry and pitohstone have been Intruded 
into the sedimentary rotks, and a few short dikes of porphyry 
are fonnd in the quartz monzonite." One of the dikes follows the 
Star fault rather closely. Another cuts the sediments near the 
Morning Glim fault on the west slope of Porcupine Bidge. A 
few bear no apparent relation to previous structure. 

Many morainal boulders may be seen on the slope east of 
Tomichi Creek several hundred feet above the creek level. These 
were doubtless deposited by a moraine which moved down the 
valley but there is no obsened evidence (rf former glaciers in 
the area described, east of the west slope of West Point. 

The area described has hitlierto been the most productive 
part of the Tomicbi district. The ore bodies are chiefly replace- 
ment deposits in the limeKtone, but the ore of the Spar Copper 
mine, on Porcupine Ridge, is in a fissure vein in the pre-Cambrian 
granite. 

BOBBINS GULCH 

The oldest rock in the valley of Robbins Creek is the pre- 
Cambrian granite which is exposed over a considerable area on 
both sides of the creek in the upper two-thirds of its course. 
North of the creek are remnants of the lower Paleozoic sedi- 
ments. These have been intruded successively by quartz mon- 
zonite gneiss, quartz monzonite, and Etna quartz monzonite por- 
phyry. Volcanic breccia is exposed over a large area north of 
the upper part of the creek. A small part of two bodies of quartz 
monzonite is exposed in the valley ; these are the Princeton 
bntholith and the Copper Ilill stock. Only small masses of the 
quartz monzonite gneiss may be seen. Debris, slope-wash, and 
alluvium are abundant, particularly in the lower part of the 
valley, near Tomichi Creek. 
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Serer&l miaes, in Bobbins GaJch, were developed man; years 
ago. The ore was partly in flasure veins in the granite, and partly 
ID tbe limestone, perhaps as a replacement. 

FORT SCOTT OULCH 

The geology of this gulch is similar to that of Bobbins Gulch. 
Granite, however, is exposed over a smaller area, while the post- 
Paleozoic intrusive rocks are more abundant. Pre- Cambrian 
granite, Paleozoic Bediments, quartz monzouite, quartz monzonite 
porphyry, quartz latite porphyry, and volcanic breccia are all 
found in the valley. A few carloads of good ore have been shipped 
from the Fort Scott mine near the head of the gulch. 

WEST OF TOMICHI CREEK 

West of Tomichi creek the geology is simple. Near the west 
border of the area mapped massive, porpbyritic granite is the 
only country rock exposed, except near the northwest comer 
of the district. By far the commonest rock is quartz 
monzonite, which extends far north beyond the boundary of the 
district. A remnant of Paleozoic sediments is found northwest 
of Mount Stella, and a small inclusion of marble in the quartz 
monzonite outcrops on the south slope of Mount Stella. On the 
west slope of the same mountain is a stock of quartz diorite. 
Porphyry dikes are rare. West of the border of the area sur- 
veyed, about a mile and a half west of Granite Mountain, the 
granite is faulted up against tbe eastward-dipping sediments. 

Northeastn-ard'Striking fissure veins are common in the 
quartz monzonite. Though quartz is the commonest vein filling, 
several workable ore bodies have been discovered. 

There is evidence of former small glaciers on the higher 
slopes; and moraiuat boulders deposited by the Tomichi Valley 
glacier are common west of Tomichi Creek. 
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CHAPTEE Vm 

PETROORAPHY OF THE POST-CARBOXIFEROUS 
IGNEOUS ROCKS 

In this chapter the rocks are grouped according to their 
occurrence, namely: (1) rocks of the batholith and stocks, (2) 
rocks of the chonolithH, (3) dike-rocks, and (4) extrusive rocks. 
Though this grouping, which i« geologic rather than petrographic, 
brings together rocks which differ greatly iu composition and 
considerably in age, the petrographic relationships are pointed 
out iu the succeeding chapter. 

BOCKS or THE BATHOLITH AND STOCKB 
QUARTZ DIORITE 

Occurrence. — Fine-grained quartz diorite occurs on the 
southeast slope of IjOft Mountain in a stoik whose longent 
diameter is about a mile and a half; it is also found in a smaller 
stock on the southwest Kloi)e of Mount Stella. A rock, which is 
somewhat monzonitic, although very similar to the typical quartz 
diorite in chemical composition, forms a small stock about a mile 
from Monarch toward the northwest. 

Affc relations. — Of the three (jnartz diorite bodies, only one. 
the Mount Stella stock, is in cyntact with Paleozoic or later 
rocks. This stock cuts only the pi-e-Cambrian granite and the 
oldest sediments; the beds younger than Ordovician have been 
removed from this vicinity by erosion or by both erosive and 
igneous agencies. The (juartz monzouite of the batholith is 
younger than the quartz diorite, as shown by the numerous in 
elusions of the latter rock in the quartz monzonitc on the south- 
west slope of Mount Slella. It is highly probable that the stocks 
of Lost Mountain and Mount Stella were intruded at the same 
time. The Monarch stock, which lithologicaliy differs from the 
other two, may be a little older or younger. 

The quartz diorite is hence one of the oldest post-Ordovician 
intrusive rocks. There is no reason to believe that it preceded 
the others by a long period. It was probably the first plutonic 
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rock intruded in the epoch of poBf-CarI>oniferou8, or Tertiary, 
rulcaniam.* 

Description. — The fresh, typical quartz diorite is dark bluish- 
gray, while weathered surfaces are a dull brownish-gray. In the 
hand specimen the eye can detect feldspar and numerous bright 
cleavage faces of black mica. The total amount of dark minerals 
is greater thau that of any other post-Carbouiferous rock in the 
district. The grains have an average diameter of less than two 
millimeters. Along the southeast border of the Lost Mountain 
stock the rock is a quartz diorit* porphyry rather than an even- 
granular quartz diorite, indicating that cooling along the margin 
was more rapid — a common phenomenon in small stocks which 
do not reach the surface at the time of intrusion. 

The eveo-grannlar diorite is very similar in texture and 
composition to specimen 98 of the educational series of rock 
specimens prepared by the United States Geological Survey, The 
latter rock comes from Teocalli Mountain, Gunnison County, and 
is described by Cross,' who states that it occnrs in large stocks 
with ramifying dikes cutting through Carboniferous strata. 

The microscope shows apatite, zircon, iron ore, titanite, 
pyroxene, hornblende, biotite, plagioclase, orthoclase, and quartz. 
Apatite is present in minute short crystals. All the zircon 
crystals are small; although most of them have the usual stout 
habit, a few comparatively long prisms are present. Black iron 
ore in octahedrons and formless grains is a constant accessory. 
Titanite occurs in wedge-shiijte crystals and anhedrons in a few 
specimens in verj- small amount. Some specimens do not show 
this mineral. 

Although the three ferromagnesian constituents — hiotite, 
hornblende, and pyroxene — are everywhere present, the relative 
amounts are variable. All are without crystal outline and inter- 
growths of any two are not uncommon. In many instances horn- 
blende or biotite has grown around a <ore of pyroxene, which 
is pale-green augite with a wide extinction angle. The augite is 
present in less amount than either hornblende or biotite. The 
hornblende is the common green variety with strong pipochroism. 
In some cases this mineral is found in aggregates of many an- 
hedrons. Brown, pleochroic biotite is the most abundant of th« 
three ferromagnesian minerals. 



Butte Folio (No. 9), U, S. Geol. Survey, 1S34. 
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The plagioclaae, which occars in the rock in greater qnantit; 
than an; other mineral, has crystallized in almost automorphic 
forma. Zonal Btracture is diBtioct in many crjBtals. Pericline 
or Carlabad twinning freqaentlj accompanies the common albite 
twinning. Crystals which combine albite and Carlsbad twins 
are fouod by the Michel-LSvy method to be largely andesine 
ranging from AbtAoj to Ab,An,. Many crystals hare a more 
acid ehell. In some sections alteration has given rise to a more 
or leBs fibrous mineral, (probably tremolite) witb a birefringence 
of about 0.027. Orthoclase ranges from an almost negligible to 
a considerable component, but is everywhere greatly subordinate 
to the plagioclase. In some cases it incloses several of the earlier- 
formed miueralB in poikilitic manner. 

Quartz, the last product of crystallization, is constantly 
present in small amount. It carries, in addition to apatite and 
zircon, many gas and liquid inclnsions, some of which occupy 
spaces having the form of qnartz crystals. 

Monzonitic variety, — The rock of the stock near Monarch 
is lighter in color and slightly coarser in texture than the quartz 
diorite described. The unaided eye readily recognizes a large 
proportion of feldspar and abundant lustrous cleavage faces of 
black mica. The feldspar grains are largely colorless to bluish- 
gray and commonly have a high luster. With the aid of a lens 
twinning strife can sometimes be seen on cleavage faces. In a 
small area near the west border of the stock the rock is strikingly 
mottled with alternating light pink and dark greenish-gray 
patches. The microscope shows the dark patches to be segrega- 
tions of the dark minerals and plagioclase, wbile the pink ones 
are composed principally of orthoclase and quartz. 

The microscope shows that the rock of this stock differs from 
the quartz diorite described chiefly in the slightly larger propor- 
tion of orthociase and smaller proportion of biotite and quartz. 
Zircon is a conspicuous accessory. The plagioclase crystals are 
strongly zoned. The greater part of many is labradorite, the 
core having the composition of approximately AbjAn,. The labra- 
dorite is surrounded by a shell of acid plagioclase, apparently 
oligoclase. Other crystals are zoned almost from the center to 
the border. 

Chemical and mineral compoaition. — Columns 1 and 2 of the 
table below are analyses of specimens taken from the Lost Moan- 
fain stock and the Monarch stock, respectively: 
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Analviet of guarlz dioritet 








1 


' 


3 




G7.39 
1S.26 
1.5S 
5.10 
1.B1 
6.62 
2.78 
4.59 
.20 
.11 
1.11 
.08 
.11 
.05 
.88 


57.67 
18.07 
1.09 
4.23 
2.69 
6.24 
3.14 
4.02 
.it 
.17 
1.04 
.32 
.11 
.04 
.80 


62.71 


Al.O, A 


17.06 






PoO 

MgO 


2.74 
1.78 






K,0 


2.96 
















none 
















100.22 


99.85 


100.33 



It MounUJn, Monarch district, Colorado, R. M. Butters, 
B. M, Butters, 



analyst. 

2. Quarts diorlte (monzonltic variety), Uonarcli, Colorado, 
analyst. 

3. DIorite, Middle Brush Creek, Gunnleoit County, Colorado. L. O. Ealcins, 
analyst. Cross, Whitman, Bull, U, 3, Geol. Survey No. lEO, 1898, p. 243: Bull. 
V. 8. GeoL Survey No. 419, p. 111. 



Tlie norms? of the two varieties of the rock of the Monarch 
district are given in the following table: 



Norms of quartz diorite of the Monarch district 






1 


2 




6.S2 
27.21 
23.58 
23.63 
6.69 
8.38 
2.32 
2.13 
.31 






















10 35 
















37 








100.00 


99.46 



Uuartz diorlte, ahoahonoHe 



■,z,d=, Google 



134 UONABCII AND TOHICHl DISTBICTS 

The actual minei-al compoeit'ion of the Txtst ^fouDtaiu rock 
was determiDed by the Rosiwal method, as follows: 

Mineral compoBitiom of quartz diorite of Lost Mountain 

Quartz 13.7 

Ortboclase 18.9 

PlaEloclase 39,8 

Augite 6.0 

Hornblende 4.1 

Biotlte 1B.0 

Iron\ore 2.4 

99.9 

Chemically the rocrk is probably more nearly a monzonite 
than a diorite, owing to the excess of potash over soda, the re- 
verse of what is seen in a normal diorite, but the proportion of 
orthoclase is n little low for a typical monzonite. The develop- 
ment of niTich biotite, owing {)erhape to the high alumina and 
ferrous oxide, materially reduced the amount of potash available 
for orthoclase. One might call the monzonitic variety a diorite- 
monzonite, as ('ross" hiv named a somewhat similar rock in the 
Telluride quadrangle. 

POMEROY QUARTZ MONZONITE 

Occurrena:.— This type of quartz monzonite, here called 
Pomeroy quartz monzonite lo distinguish it from the Princeton 
type, is exjiosed in the northwest' part of the STouarch district 
over a wide area which narrows to a mere tonjnie where it 
extends into the Tomichi district. The rock forms a stock whose 
north boundary has not been trared by the writer, but is evi- 
dently south of Chalk Creek. 

This stork has probably suffered but little from erosion. At 
the south and southeast margin of the body the surface dips 
under the younger porphyries at an angle of 25° to 45°. The 
typical rock near this margin, both below the later porphyries 
and near the head of North Fork where it has been exposed to 
erosion, grades into a finer-textured and more acid marginal 
facies. It is hence inferred that the surface as now exposed is 
not far from the original upper surface of the stock. 

Age relations. — The Pomeroy quartz mouKOnite is older than 
the post-Csn-boniferous granite which, in Browns Gulch, incloses 

'Tolal distance measureil. 46.44 mm.: number nf measurements, 137. 
'CroBB. Whitman, Telluride FoHo (No. 57). U. S. Geol. Survey, 1S99, p. 6. 



.dr,yGoogIe 



rETBOGRAPHV OF IGNEOUS BOCKS 136 

a large xenolitb of the quartz monzonite penetrated by a dikelet 
or the granite. It is also older than the dacitic rock which 
overlies it at Pomeroj Pass, as evidenced bj inclusions of the 
quartz monzonite in the overlying dacitic porphyry. The relation 
to the Princeton quartz monzonite is not clear, but it is uniform 
in texture to tlie west boundary, where it is in contact with the 
granite porphyry that is probably a marginal facies of the 
Princeton quartz monzonite. These relations suggest that the 
Pomeroy quartz monzonite is older than the Princeton quartz 
monzonite. 

Description. — The Pomeroy quartz monzonite is a pinkish- 
gray to bluish-gray rock in which bluish feldspars with a high 
luster, pinkish to white lusterless feldspars, chloritized horn- 
blende, and a few biotite crystals can be seen with the naked 
eye. Occasional quartz grains can be seen under a strong lens. 
Small grains of pyrite are not uncommon. The light-colored 
components are greatly in excess of the dark minerals. The 
bluish feldspar crystals, of which many show alblte twinning 
under a lens, have well develoiied crystal outlines, while the quartz 
and part of the unstriated feldspar have crystallized in the 
interstices. 

Near the southeast border of the large area, from Pomeroy 
Pass northward, there is a facies which carries but little horn- 
blende and biotite and is more noticeably porphyritic. This 
rock carries a few plagioclase phenocrysts in a fine-grained, 
granitic gi"oundmass composed largely of orthoclase and quartz. 
This rock is evidently a border facies into which the typical 
quartz monzonite grades. It is probable, however, that a few 
narrow dikes of »<imilar porphyry have been intruded into the 
quartz monzonite between Grizzly Gulch and North Fork. 

Wherever the quartz monzonite near the east border is ex- 
posed on the ridges, it is much stained with red and brown oxide 
of iron. This colored strip may reach a width of 200 feet or 
nioi-e. The bright colors are very conspicuous on Pomeroy Pass 
and on the divide between Grizzly Gulch and North Fork. 

In thin section can be seen zircon, apatite, iron ore, titanite, 
augite, hornblende, biotite^ plagioclase, orthoclase, quartz, and 
the secondary minerals mentioned below. Zircon, apatite, and 
titanite arc present as accessory minerals in very small amount. 

Auffite was seen in only one slide, that of a specimen from 
Chapman Mountain outside of the area mapped. The augite is 
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pale green, has good prismatic cleavage, and extinguishes at 
about 40°. The liomblendc is pale green, pleochroic, and fre- 
quently cbloritized. Unaltered bioUte is rare. In most cases the 
biotite is replaced in greater or less degree by chlorite. A few 
small octahedrons of iron ore, inclosed by the hornblende and 
biotite, are probably primary. There are, however, associated 
with the hornblende and biotite, numerous patches of iron ore 
which probably separated oat in the process of chloritization. 

The most important mineral in the rock is pla^oclase which 
forms almost automorphic crystals. Combinations of Cartsbad 
and albite twins are common, and afford opportunity for measure- 
ments which show the mineral to be labradorite with the com- 
position of approximately AbaAn,. This feldspar is apparently 
uniform in composition as it does not exhibit the zonal banding 
seen in the other plagioclase-bearing rocks described. 

In this rock the orthocUiae sometimes involves the earlier- 
formed minerals and not infrequently forms phenocrysts. It 
has, however, largely crystallized in the interspaces after the 
formation of the labradorite crystals was practically complete, 
and almost universally forms beautiful niicrographic intergrowths 
with quartz. 

Everywhere on the surface and in the mine workings the 
rock is greatly weathered. Besides the chlorite and iron ore 
mentioned, kaolin is common. Small amounts of calcitc, epidote, 
and a colorless mineral, perhaps an amphibole, may be observed 
in the thin sections. 

Chemical and mineral composition. — The analysis of a speci- 
men taken from the dump at the Pride of the West tunnel on the 
east slope of Pomeroy Mountain, is given in the first column of 
the following table: 
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Analyiet of guartx wionzonitea and constituent homDiende and iiotile 





1 


2 


3 


4 




62.00 
18.10 
.91 
2.72 
.96 
5.30 
3.02 
4.10 
.28 
.34 
1.02 
trace 
.06 
.04 
.50 

^0.01 " 


6G.83 
1G.24 
2.73 
1.66 
1.63 
3.59 
3.10 
4.46 

.66 
.64 

.04 
.18 
.02 
.10 

.14 


47.49 
7.07 
4.88 
10.69 
13.06 
11.82 
.76 
.49 

1.86 
1.21 
none 

.61 

.12 










4.66 


FeO 

MgO 

CaO 

Na,0 

K.0 

H,0 


14.08 
12.37 
.17 
.32 
9.19 
1.03 






















Mho 


.45 
.29 




100.82 


100.05 


99.83 



[. Butter 

!. Qiurti moQionlte. Kevada Falls trail. Yosemlte Valley, CUlIomia (aver- 
age rock of region). Wm, Valentine, analyst. Turner, H. W., Am. Jour. Scl., 
4th aer. vol. T, 1S99, p. 297; Quantitative claasltlcatlon of IgneouB rocks, Table 
Xllla; Bull. V. S. Geol. Survey No. 419, IftlQ, p. 1G8. 

3. Hornblende from variety at 2 rich in hornblende and biotlte. W. F. 
Hillebrand, analyst. Loc. cit. 

4. Biotlte from same block as 3. W. F. HlUebratid, analyst Turner, H. W., 
Am. Jour. Scl.. 4th ser., vol. T, 1899, p. Z9T; Quantitative classlllcation ot igneous 
rocka. Table XIV; Bull, U, S. Geol. Survey No. 419, 1910, p. 289. 



Tbe norm accordiDg to the quaiititative dassificatioD is as 
follows : 

Norm of quartz momonite of Forneroy Mountain 

Quartz 15.60 

Orthoclaae 24.46 

Alblte _ 26.16 

Anorthlte '....' 23.85 

Diopslde .' 2.30 

Hyperstfaene 4.77 

Magnetite 1.39 

Ilmenlie 1.98 

99.60 ' 
This noFm corresponds to amiatose. 

Tlie following is the actual mineral composirion calculated 
from the chemical analjaiB : 
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Mineral composition of quarts moneonite of Pomeroy Mountain 

Quartz 17.46 

Ortboclaae 28.59 

Labradorlte (about Ab,An,) 40.52 

Blotite 3.9C 

Hornblende G.94 

Magnetite 70 

limenlte 1.53 

99.69 

Thin sections of the rock of Pomeroy Mountain carry no 
pyroxene. The hornblende and biotite were assumed to have a 
composition similar to those whose analyses arc given in the 
table on the preceding page. In the calculation it was found that 
in the combinations used the hornljlende and biotite i-equired ,86 
per cent leas ferrous oxide and .48 jkt cent more magnesia than 
the chemical analysis of the rock'shows. 

The orthoclase was assumed to have the same composition as 
(hat of the Ktna poi-phyry (p. laS), Since the jilagiodase, as 
calculated from the chemical analysis, contains a smaller propor- 
tion of lime than optical determinations indicate, it is not im- 
probable that the orthoclase contains more soda than was as- 
sumed and that the true ratio of orthoclase to plagloclase is 
somewhat greater than that of the table above. 

PRINCETON QUARTZ MONZONITE 
JVome,— Since there aj-e two distinct types of quartz mon- 
sonite in the area mapped, it is necessary to give each a dis- 
tinctive name in tliis paper for purposes of reference. Because 
the type here considered is well exposed on Mount Princeton, one 
of the highest i)eaks in the general region, the name Princeton 
quartz mouzonite is used. 

Occwrretme. — Excepting the pve-Cambrian granite, the 
Princeton quartz monzonite is more important in areal extent 
in the Monarch and Tomichi dislricls Ihan any other igneous 
rock. It is exposed over a large jiart of Ihe Tomichi district and 
extends several miles northwest of the limits of the mapped ai-ea. 
A stock approximately half a mile in diameter is found about a 
mile southwest of Clover Mountain. In the Mimarch district it 
forms a dike-like mass, half a mile to a mile wide, which leaches 
from near the northeast corner of the district to the north end 
of the Lake fault. Several small stocks are found in the vicinity 
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of Taylor Mountain and Cree Camp. The map also shows a 
small part of an exposure in Pomeroj Gulch, in the Chalk Creek 
district. 

Excepting the stocks, the occurrences noted are part of a 
large batholith which lies mostly north of the area mapped. This 
quartz niouzonite is exposed continuously from the foot of the 
east slope of Mount Princeton to Tincup Pass on the Continental 
Divide toward the west, a distance of about fifteen miles. It 
forms the crest of the divide from Tincup Pass toward the 
north about a mile (estimated). The same rock forms the bulk 
of Mount Princeton and the ridge extending from fhis mountain 
to the Continental Divide. The color of the outcrop at the foot 
of the southeast slope of Uiount Yale on the north side of Cotton- 
wood Greek and the character of the relief as seen from a dis- 
tance, together with the lai^ proportion of quartz monzonite 
boulders brought down to Buena A'ista by Cottonwood Creek, 
lead to the inference that the batholith extends at least to the 
foot of Mount Yale. Boulders of the quartz monzonite were also 
found by the writer nearly a mile north of Buena Vista, on the 
bank of the Arkansas River. Since these could not have been 
brought down by Cottonwood Creek, as its course is at present, 
it is not unlikely th.it there is an exposure of the quartz mon- 
zonite north of Stount Yale. It is very probahle that the batho- 
lith is exposed continuously from Mount Yale on the northeast 
to Spring Creek in the Tomichi district on the southwest, a 
distance of about twenty miles. The total area exposed is prob- 
ably not less than 200 square miles, and may- be much greater. 

A considerable area of the pre-Cambrian granite west of 
Boss take was included with the quartz monzonite on our pre- 
liminary map.' More detailed work shows that, while the granite 
dikes from the quartz monzonite extend practically to the lake, 
the contact between the quartz monzonite itself and the old 
granite is distant nearly a qharter of a mile. Since from this 
point northwestward to the foot of Mount Etna the contact is 
concealed by talus and soil, the position can be shown on the 
map only approximately. This position cannot be far from cor- 
rect since the granite is exposed on the north slope of the ridge 
while the quartz monzonite is in place south of the creek, near 
the foot of Mount Etna. 

I>escripiwn, — The minerals which can be recognized in hand 
specimens of the quartz monzonite, are pink and white to bluish 
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feldgpaT8, quartz, biotite, hornbleade, and accessory titanite. On 
Taylor and Shavano mountains where the fresh rock is exposed, 
it is generally even-grained, but occasionally a pink feldspar 
phenocryst, with a maximuni diameter of ooe inch (about 25 
mm.), may be seen. Ordinarily the feldspars are less than five 
or six millimeters in diameter. A few of the pink orthoclase 
crystals are twinned after the Gtarlsbad law, and twinning strio) 
may sometimes be readily seen on the white to bjnish plagio- 
clase cleavage faces. The biotite and hornblende crystals are one 
to three millimeters in diameter. Although quartz is always 
present, it is subordinate in quantity, and In some cases almost 
disappears. Titanite is a constant and conspicuous accessory 
in yellow crystals one to three millimeters long. Everywhere the 
dark minerals are subordinate in quantity to the feldspars, but 
are prominent wherever their luster has not been dulled by 
weathering. The fresh rock is commonly pinkish-gray but in 
some weathered exposures is nearly white. Over considerable 
areas, and especially where it is much weathered, the quartz mon- 
zonite might readily be taken for a quartz-poor granite. Where 
it is intruded into the pre-Cambrian granite it is often diflScult 
to distinguish one rock from the other. In the Tomiehi district, 
particularly west and northwest of Wbitepine, orthoclase is less 
abundant while plagioclase, commonly bluish here, increases in 
quantity. 

Though there has been but little differentiation in the quartz 
monzonite batholith, the rock along Chalk Creek seems to be 
somewhat poorer in ferromagnesian minerals and richer in 
feldspar and quartz than the same rock in the Monarch and 
Tomiehi districts. Specimens from Tincop Pass are practically 
identical with those from Taylor Mountain. 

Thin sections of tbe quartz monzonite show apatite, zircon, 
iron ore, titanite, pyroxene, hornblende, biotite, plagioclase, 
orthoclase, and quartz. 

Apatite and zircon occur in their usual forms. Black iron 
ore is commonly associated with, or inclosed by, both hornblende 
and biotite and is in part secondary. Considerable pyrite may 
be seen in the quartz monzonite near the diorite stock southwest 
of Mount Stella. Titanite, the most abundant accessory, is 
present in wedge-shaped crystals and irregular grains. Its 
period of crystallization appears to have been drawn out to con- 
siderable length. One slide with an unusual quantity of titanite 
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shows an irreg;ular mass fllliug a apace betweeo ortboclase graios 
which are aatomorpbic toward the titanite. It is possible that 
in this case the titanite tp a secondary mineral. 

Of the large number of sections- examined, only one showed 
pyroxene which is a very pale-green monoclinic variety. Horn- 
blende and hiotite are present in nearly eqnal amounts, and are 
intei^own in many cases. They have crystallized in part earlier, 
in part later, than the plagioclase, but are antomorphic toward 
the orthoclase. The hornblende is not infrequently twinned. 

Plagiockue is in exceBs of orthoclase in many specimens, 
bat the proportion is not constant. Since the plagioclase is 
usually in smaller crystals than the orthoclase it is less likely to 
be lost in grinding than is the orthoclase. Hence a study of the 
thin sections, without comparison with the hand specimens, would 
probably give an erroneous idea of the relative importance of the 
plagioclase. As is usual in rocks of this character, this mineral 
shows a strong tendency toward automorphism. Zonal banding 
is pronounced. A few crystals inclose many flakes of hiotite. 
Combinations of 'Carlsbad and albite twins are comparatively 
rare — a fact which makes difScult the specific determination of 
the feldspar. The individuals which lend themselves to measure- 
ment are andesine-labradorite with the composition of approxi- 
mately Ab^An, to AbjAn,. In some cases a narrow border of 
albite or oligoclase surrounds the less sodic core. The orthoclase 
commonly presents no crystal outline and poikilitically incloses 
all of the earlier-formed minerals. Carlsbad twins are occa- 
sionally seen. 

Quartz is everywhere present, though in very small quantity 
in some specimens. Uicrographic intergrowths of qviartz and 
orthoclase are rarely seen. 

Marginal fades. — There seems to be very little change in 
the composition and texture of the Princeton quartz monzonite 
in most places as the border is approached, except in the Chalk 
Creek district near the Pomeroy quartz monzonite. Here, while 
the rock for several hundred feet is more granitic in composition, 
it evidently passes, toward the northwest, into the typical quart?, 
monzonite by the gradual increase of plagioclase and decrease 
of orthoclase and quartz. 

This marginal facies is porphyritic, having phenocrysts of 
pink orthoclase, greenish-white plagioclase, and biotite. The 
phaneroorystalline groundmass is composed essentially of 
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graphically intei^own quartz and orthoclase. Thift variety is 
Hcparated from the Poniero.v quartz monzonite by a granite 
porphyry zone several yards wide. The graDite porphyry carries 
phenocrysts of orthoclase, plagioelase, and biotite in a flne- 
granular to mierograaular groundinass composed chiefly of quarts 
and orthoclase. There is evidently a sharp contact between this 
porphyry and the Pomeroy quartz monzonite, but the relation 
to the granitic faciea of the Princeton quartz monzonite is not 
quite clear. The granite porphyry la very probably an extreme 
marginal facies of the Princeton quartz monzonite, yet it may 
possibly be a later intrusion. 

Structure. — Nearly everywhere the Princeton quartz mou- 
zonite is massive and shows no evidence of regional meta- 
morphism. On the south slope of Mount Etna, however, shearing 
stresses have produced a slight directional structure and 
numerous small fractui^es. Farther northeast the same rock, 
in contact with the wide dike of porphyry, has undergone shear- 
ing and fracturing, with much grinding. No regular system of 
jointing has been observed. Joint-blocks of any size up to fifteen 
feet in diameter may be seen. 

West and northwest of Whitepine, in the Chalk Creek dis- 
trict, and on the southwest s!oi>e of Taylor Mountain, are a 
number of quartz veins filling Assures which were probably 
formed hy the contraction of the quartz monzonite while it was 
crystallizing and cooling. Sevenil workable ore bodies have been 
discovered in these veins. 

Iiwlusiottg, — On the northeast shoulder of Taylor Mountain 
the quartz monzonite incloses a block.of the Paleozoic sediments 
several feet across. Southeast of Mount Stella, in the vicinity of 
the diorite stock, from the contact to half a mile distant, small, 
angular fragments of dark, fine-grained rock may be seen in the 
monzonite. These are very probably fragments of the diorite 
picked up by the monzonite at the time of intrusion. 

Another class of dark-coloi-ed inclusions occasionally seen, 
esiwcially on Taylor Mouutain, shows in thiu secticm a larger pro- 
portion of biotite, hornblende, plagioclase, and apatite than is 
found in the inclosing rock. These inclusions are from an inch 
to a few inches in diameter. Unlike the inclusions of qnartz 
diorite mentioned above, they have <urvpd outlines smd grade, 
though rapidly, into the quartz monzonite. Their composition 
and the nature of their boundaries indicate that they are segre- 
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gationH of the earlier-formed minerals in tlie luoDzonitic magma, 
that is, "basic sec ret ions," 

Ajmphyses and conipl^nentary dikes.— Od the eoutli and 
east slopes of Taylor Mountain and north of Boss Lake 
apophyses from the quartz monzonite mass extend into the sedS- 
mertary rocks. In some cases these dikes are roughly parallel 
to the border of the parent body and in a few instances there 
is no observed connection with the main body at the surface. 
The rock of most of these dikes is finer in texture and more 
acidic than the main mass. It ranges from a biotite granite to 
alaskite. Inclusions of the sedimentary' rocks are common. Bome 
of these dikes, even thongh bnt a few feet wide, carry parallel 
dikes or veins of pegmatite. Pegmatite veins extend also into 
the contact-metamorphosed sedimentary rocks, where they may 
be from a fraction of an inch to a foot or more in width. Ex- 
amples of this may be seen on the south wall of the spillway of 
Bobs Lake, where the largest vein varies in width from three 
to ten inches. This vein shows feldspar with a little quartz at 
the sides, and, at the center, quartz with a little feldspar together- 
with black tourmaline, biotite, and mnscovlte. 

In the exposures of quartz monzonite proper, pegmatite dikes 
were not observed. There are, however, occasional narrow dikes 
of aplite composed essentially of xenomorphic grains of quartz 
and alkali feldspar. In the one' thin section examined, an aggre- 
gate of a few grains of pyroxene having the double refraction of 
diopside, was seen. 

Age relations. — The quartz monsonite is intrusive into the 
j'oungest consolidated sediments in the region and is therefore 
much younger than the known Pennsylvanian. Since it incloses 
fragments of the quartz diorite of Mount Stella and has caused 
fracturing and shearing of the quartz monzonite gneiss at the 
contact it was intruded subsequently to both of the rocks named. 
It is older than the post-Carhoniferous p-anite which incloses 
masses of the quartz monzonite into which dikelets of the granite 
penetrate. The existence of marginal facies in Grizzly and 
Pomeroy gulches suggests that it was intruded later than the 
Pomeroy quartz monzonite. 

Chemical and mineral composition. — The analysis of a speci- 
men of the quartz monzonite of Taylor Mountain is given in 
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colamn 1 of tbe table below. The analfflis of oi 
typical quartz moDzonites Js given in column 2. 



! of Briigger's' 



Analyses of guartz monzonites 
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2 


H,0-- 


1 


2 


SIO. 


GT.G4 
14.75 
.81 
1.95 
.94 
3.98 
3.40 
4.06 


68.97 
14.80 

I.IB 
3.82 
2.46 
4.53 


.13 
.19 

trace 
.20 
.08 

.27 


( .,. 








PeO 

MgO 


ZrO, 




CI 

MnO 














99.7e 









1. Princeton quartz monzonlte, Taylor Uountain. Uonaj'ch district, CqIq- 
rado. R. M. Butters, analyst. 

S. Adamelllte (quartz monzonlte), Landsberg bel Barr, Vogesen, Unser 
(Rosenbusch). BragguT, W. C, loc. clt. 



The norm is as follows: 

Norm of guartz monzonlte of Taylor Mountain 

Quartz 23.16 

Ortboclase .' 24.46 

Albite 28.82 

Anorthite 12.79 

DIopBlde 4.94 

Hypersthene 1.20 

Magnetite 1.16 

iimenlte 2.60 

Apatite 31 

99.« 

In the quantitative sjatem the rock ia toscanose. 

The actual mineral composition in percentages bj weight, as 
determined bj the Kosiwal method, is given in the table below. 
For the microscopic measurementa, four thin sections, taken from 
thft specimen analyzed, were used. One of these had an average 
diameter of two centimeters while the others were considerably 
smaller. A total distance of 173.94 mm. was covered in 352 
measurements. 

1 Eruptivgestelne bel 
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Mineral composition of quartz monzonite at Taylor ^fountain 

Quartz 1S.8 

Orthoclaae 25.8 

Flagloclase 42.5 

Hornblende 2.9 

Blotlte 8.2 

Iron ore 1.2 

TItanite C 

100.0 

It is probable tbat the titanite for the average I'ock is 
somewhat higlier than determinecl. Some of the specimens from 
other parts of the region are somewhat more dioritic than the 
specimen analyzed. Altbongh this rock contains more plagio- 
clase than Brngger's typical quartz monzonite, it easily comes 
within the limits of quartz monzonite as the term is now used by 
the Pnited States Geological Sun-cy. The writer would prefer 
the much abused, sometimes restricted, and now seldom used 
name granodiorite for a rock of this character. 

QUARTZ MONZONITE QNEISS 

Distribution. — A body of this rock extends from the south 
elope of Mount Etna northeastward over five miles into the 
margin of Browns Gulch. The exposure is continuous, excepting 
a small area northwest of Taylor Mountain and another area in 
the vicinity of Shavano, where debris covers the surface. A 
narrow strip of tbe same gneiss can be traced from the south- 
west slope of Shavano Mountain toward the northeast about 
four miles. Several small masses of the same rock are inclosed 
by the breccia and porphyry north of Clover Mountain. What 
is probably a fades of the same rock is seen on the northeast 
slope of Clover MountRin. Several smaller masses, one of which 
is shown on the map, are inclosed by the andesite on the south 
and west slopes of Calico Mountain. 

That the gneiss was originally of much greater extent than 
at present, is indicated by the separation of the two lai^st bodies 
by a' later intrusion of quart* monzonite and by the occurrence 
of many inclusions^ of the gneiss in the younger rocks, over a con- 
siderable area. 

Age. — The gneiss is clearly older than the Princeton quartz 
monzonite, as shown by the sheared and granulated character of 
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the gneiss iu coiitact with the nionzonite. On the divide near 
the extreme DortheaRt corner of the largest gneiss area, a Kninll 
InmI.v of maKsive quartz monzonite may be seen between the j^ueiBti 
and the wide dike of porphyry. For fifty feet or more from I he 
monzonite, the gneiss is inucli fractured and has almost com- 
pletely lost its original directional structure. The gneiss has a 
similar character on the ridge east of Jennings Gulch where it 
is in contact with the massive quartz monzonite. In the first 
examiuation on the east slope of 3lonnt Etna the gneiss was 
supposed to be a border fades of the massive quartz monzonite,' 
but observation over wider areas, including exposures at the con- 
tact, and also microscopic study, show the two rocts to be dis- 
tinct from each other. 

On the southwest slope of Calico Mountain the gneiss is in 
eruptive contact with quartzite and baked shale, which are 
penetrated by apophyses of the gneiss stock. The shale, aside 
from its extreme alteration, is lithologically similar to the 
Pennsylvanian shale on Sjncline Hill. It is almost certainty not 
older than }*ennsylvanian, since nowhere in the sedimentary 
areas of the region has older shale bcpn seen, excepting a few 
thiuner Paleozoic strata. The occurrence of a large inclusion of 
probable Ouray limestone about a quarter of a mile down the 
slope also suggests that the shale on Calico Mountain is of Penn- 
sylvanian age. From these ol>servations it is concluded that 
the gneiss is at least younger than the early Pennsylvauian and 
nia.v be much younger. 

Further evidence, - though not proof, that the gneiss is 
younger than the Paleozoic sediments is fonnd in other parts of 
the district. On the south iilo]w of Mwunt ICtna the gneiss is ex- 
posed but a few yards north of an outcrop of metamorphosed 
sediments. The contact between the two is concealed by debris, 
but when the structure of the region as a whole is considered, the 
evidence is strong that this sedimentary remnant was once a part 
of a westward-dipping series which did not overlie the gneiss. 
\orth of Clover Mountain targe macseN of gneiss are int'tosed by 
the breccia in close proximity to masses of sedimentary rocks 
which are probably late Paleozoic. Xot far east of the latest 
body of gneiss is part of the westward-dipping limb of what was 
once a syncline. Although the gneiss is now separated from the 

'BuU, 1. Colo. Geol, Survey, p. 18. 
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sedimeDtary rocks bj a later intruaion of quartz monzonite, the 
relatioiiehipa are such that Paleozoic sedimeiits muat have once 
occupied the present position of much of the gneias. The facts 
observed point to the conclusion that the gueiss came into its 
present position subsetiuently to, or ajDchronoualy with, the fold- 
ing of the Paleozoic beds. 

Description. — The megascopic coustitueuts of the gneiss are 
predominant gray to white feldspar, much quartz, and some 
biotite. Everywhere, excepting near the contact with later in- 
trusives, the rock is distinctly foliated. The light minerals are 
in leus'like fornu, mauy of which are two inches in diameter, 
although most of them are smaller; the longest diameter of a 
few lenses is about three inches. The biotite occurs in bands 
and more or less lenticular a^r^ates (PI. XI). The rock has a 
far coarser texture than any other in the district, excepting the 
pegmatite. The great majority of the light-colored lenses are 
made up of granular a^r^ates of feldspar or feldspar and 
quartz. Not a few are composed of a single individnal of feld- 
spar, ungranulatcd, excepting where it is more or less pinched 
at the extremities. A few single ungraoulated phenocrystic 
feldspars show automorphic forms. Several of the last two 
varieties were noticed composed of single crystals two to three 
inches long and one-half to three-quarters of an inch thick. The 
ungranulated character is shown by the uniform reflection of 
light from a single cleavage face extending nearly or quite across 
the crystal. A few crystals are twinned after the Carlsbad law. 

The direction of easiest cleavage of the rock is, in general, 
roughly parallel to the wide dike of porphyry which separates 
the lai^est body of gneiss from the Princeton quartz monzonite. 
A record was kept of a large nnmbcr of determinations of the 
dip and strike of the foliation. The strike mainly varies from 
N. 10° W. to N. 40° E.; the dip is commonly between 50° and 
90° westward. There are local deviations from the range of dip 
and strike given, near the quartz monzonite contact east of the 
head of Jennings Gulch where in one instance the foliation 
dips 30° S. 60° E. 

In texture and structure this rock resembles a porpbyritic 
granite gneiss ("Stony Creek granite gneiss") quarried at Hoadly 
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Point, Connecticut, and described by Gr^or;,' by Longhlin,* 
and by Dale and Gregory.* A pbotograjili of epecimeoB of the 
Connecticnt rock shown on Plate IV of Dale and Gregory's re- 
port could scarcely be distinguished from photographs of selected 
specimens of the Monarch gneiss. 

In thin section zircon, apatite, titaotte, allanite, iron ore, 
hornblende, biotite, plagioclase, orthoclase, uiicrocline, and 
quartz are seen. 

Zircon and apatite occur in almost n^Iigible quantity; a 
fev of the apatites are long and needle-Iike, Titanite is a plen- 
tiful accessory in anhedrons of considerable size. Allanite Is 
rare in small, pleochroic grains. Black iron ore varies greatly 
in amount in different slides and is largely secondary. It is 
partly magnetite which shows only a weak tita^um reaction. 

In the slides examined, hornblende is present in less quantity 
than allanite. Only one crystal was seen. This is bright green 
end strongly pleochroic. The brown, pleochroic biotite is more 
or less altered to chlorite with separated magnetite. 

Plaffioclaae is probably somewhat in excess of potash feld- 
spar in the sections studied. It is practically homogeneous as 
shown by the absence of zonal structure. A combination of peri- 
cline and albite twinning is seen in the majority of individuals. 
Carlsbad twins are combined with one or both of the other 
varieties of twins in a few grains. Measurements according to 
the Michel-L^vy method show the plagioclase to be andesine 
having the composition of about AbjAn,. 

Orthoclaae and microcUne form the largest grains and phen- 
ocrysts of the rock. Near the border of the orthoclase grains 
micrographic intergrowths with quartz are common, although 
on a minute scale. The quartz carries abundant liquid inclu- 
sions and generally shows undulatory extinction. 

Contact phenomena. — On the southwest slope of Calico 
Mountain the , gneiss may be seen in contact with baked shale 
whose baking was doubtless effected by the heat of the quartz 
monzonite gneiss intrusion. All the shale of this area seems to 
be equally affected whether at the immediate contact or distant 
100 feet or more. Dikes and sheets, apophyses of the gneiss 



:he geology of C 
i. p, 147. 

■Barrel!, Joaeph, and LouKhUn, Q. F,. The Uthology ot Connecticut: Conn 
State Geol. and Nat. Hist. Survey, 1910, Bull. 13, p. 174. 

'Dale, T. N., and Gregory, H. E., The (rraQltes of Connecticut: BuU. U. 8 
Geol. Survey No. 484. J9U, pp. 14. 86, and PI. IV, A. 
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dtock, penetrate the Bediments. These dikes and sheets range 
in thickness from two to thirty feet, or more. The texture of the 
rock in these apophyses ranges from fairly coarse gneiss to a 
porphyry having large feldspar and quartz phenocrysts in a fine- 
granular groundmasB. The gneiss of the rock itself at the im- 
mediate contact, differs little, if any, from the typical gneiss 
described. 

Clover ^fountain variety. — The small area mapped as quartz 
monzonite gneiss on the northeast slope of Clover Mountain is 
more dioritic in appearance than the type described, though it is 
' probably a facies of the same rock. It is composed essentially 
of feldspar, quartz, and much biotite. Uegascopically it re- 
sembles the "pinto diorite" of the Little Belt Moontains, Mon- 
tana, described by Pirsson,* but probably has a more pronounced 
directional structure. 

Microscopically it differs from the gneiss described in the 
arrangement of the biotite and the character of the feldspars. 
Although the biotite aggregates tend to rough parallelism, more 
noticeable are the ring-like forms of these a^r^ates, suggesting 
an accommodation to the small spheroidal masses of quartz and 
feldspar. The feldspar is lar^ly plagioclase with very thin 
albite lamellse and low extinction angles. Orthoclase and micro- 
dine are present in very small quantity. Much alteration of the 
feldspars and biotite has given rise to kaolin, epidote, chlorite, 
and iron ore. 

Cause of foliation — Although the gneiss is everywhere dis- 
tinctly foliated, except locally near the Princeton qnartz mon- 
zonite where it has lost its original directional structure, it 
nowhere possesses the folded or contorted character so often seen 
in the highly metamorphosed pre-Cambrian gneisses. The ob- 
servations noted in the following paragraphs indicate that the 
directional structure was brought about, in large part, by the 
flow of the magma while in a viscous and partly crystallized 
state. 

1. The planes of foliation are roughly parallel to the south- 
east contact of the stock, which probably has now very nearly 
the same dtp and strike that the contact had when the gneiss 
was first intruded. 
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2. The pre-Cambrian granite on and near MisBOuri Hill, 
within a mile of the gneiss, shows little or no gneissoid strucfure. 
Wherever the pre-Cambrian granite is gneissoid in this region, 
it is only in small areas. 

3. On Calico Mountain the gneissic roclc is foand in im- 
mediate contact with Paleozoic shales which furnish no evidence 
of pronounced dynamic metamorphism. Had dynamic forces 
imposed on the igneous rock its gneissoid stnicture after the 
rock had cooled, it is highly probable that a slaty cleavage would 
have Iseen simultaneously developed in the shales, - 

4. Large, ancrushed feldspar crystals with their long 
diameters in the plane of foliation, when taken with the many 
nearly granular lenses of feldspar, indicate that movement 
occurred after crystallization was well begun. Evidently crystals 
which had formed with their long diameters inclined at a high 
angle to the direction of flow, or movement, were rotated and 
more or less crushed, while those which were oriented in the 
direction of movement escaped distortion. 

That there has also been some slight dynamic metamorphism 
of the rock since crystallization was complete, is indicated by 
the undulatory extinction of the quartz and the presence of much 
microcliue. The lenticular character of the rock might be at- 
tributed to severe dynamic stresses after complete crystallization 
if the geologic relations did not make such an origin improbable. 

Chemical and m-incral co»i;»o»if ion,— The following is the 
analysis of a specimen of quartz nionzonite gneiss taken from a 
prospect in Jennings Gnlch : 



Analysis of quartz monxonite gneiss of Jennings OitlcU 

|R. M. Butters. Analyst] 

H,0~ 0.1* 

H,0+ 0.31 

no, 1.15 ■ 

ZrO, trace 































K,0 


*.ll 



P.O. 

CI ... 



0.12 
0.01 



The norm of the quartz monzonite gneiss, according to the 
quantitative system, is as follows: 
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norm, of gtiartz m-onzonite gneiai of Jenningi Gulch 

Quartz 20.94 

OrthocIaBe 24.46 

Alblte 34.5g 

Anorthlte 13.34 

Hyperstbene 2.99 

Magnetite 1.16 

Ilmenlte 2.13 

ApaUte 0.31 

99.91 

This norm correspondB to toseanose. 

The mode, or actual mineral composition, calculated from 
the chemical analysis, is given below. In the calculation enough 
soda was used to satisfy the lime in the formation of andesine 
having the composition of Ab„An,, since optical determinations 
show the plagioclasG to have approximately this composition. 
The rest of the soda was combined, in the calculation, with 
potash in the alkalic feldspar. 

Mineral compofitton of quartz momonite gneiu of Jennings dutch ■ 

Quart! 22.86 

Alkalic feldspar 31.57 

Andesine, Ab,An, 36.09 

Biotite 6.E2 

Tltanlte . . , 0,69 

Magnetite 0.70 

Ilmenlte 1.2Z 

Apatite 0.31 

99.S6 

GRANITE 

Granite is exposed on both sides of Browns Gulch near the 
north border of the field. Its boundary was not traced beyond 
the limits of the map, but the color contrast on Antero and White 
mountains, as seen from a distance, would indicate that the 
granite is in contact with the Princeton quartz motizouite about 
a mile and a half or two miles north of Browns Gulch. A smaller 
stock is found north of Xorth Fork. 

Age relations. — South of Browns 'Creek, near the con- 
tact between the granite and Princeton tjuartz monzonite, are 
boulders which show the granite porphyry facies of the granite in 
dikelets penetrating the quartz monzonite. North of the creek 
in the granite is a large xenolitfa of the same quartz monzcmite 



,d.yGoogIe 



152 MOKABCH AND TOMICBI D1STBICT8 

penetrated by numerous dikelets of granite. In Browns Onlcti 
a large mass of Pomeroy quartz monzonite which is surrounded 
by the granite, is also cut by a dikelet of the granite. From 
these observations it is inferred that the granite is younger than 
both types of quartz monzonite. 

Description. — The granite is coarse in texture, having a la^e 
proportion of the grains over five millimeters in diameter. White 
feldspar with sometimes ,a pink tinge, quartz, and biotite can 
readily be seen with the naked eye. Feldspar composes nearly 
two-thirds of the rock and quartz is abundant, while biotite is 
present in small quantity. As far as observed the granite ia 
massive witli no megascopic evidence of dynamic metamorphism. 
It is commonly even-granular, but near the west border at the 
north side of Browns Oulch a facies carries small quartz pheno- 
crysts in a groundmass almost phanerocrystalline. 

The very light color, almost white, is noticeable for a long 

distance; the glare at short range in the sunlight is extreme. 

Weathering has produced, on tbe gentler 'slopes, angnlar frag- 

, ments of feldspar and of quartz which, in water-courses, form 

a bed of almost dazzling whiteness. 

The granite on White Mountain has furnished crystals of 
beryl, phenacite, topaz, and other minerals which, according to 
Sterrett,' occur in miarolitic cavities. Just north of Browns 
Oulch in the area surveyed were found fragments of granite 
carrying small crystals of beryl and quartz. The shape and 
arrangement of these crystals point to their formation in a cavity. 

Thin sections of the granite show apatite, zircon, titanite, 
biotite, plagioclase, microiterthite, potash feldspars, and quartz, 
besides secondary iron ore, chlorite, and muscovite. 

Apatite is verj' rare in minute crystals. Zircon is present 
in small prismatic crystals about five times as long as thick. The 
titanite is much altered to a yellowish substance bordered by 
black iron ore. 

Biotite is relatively unimportant and has the usual appear- 
ance of biotite of ordinary granites. Alteration has given rise 
to chlorite and iron ore in some flakes; in others, muscovite and 
iron ore have been formed. A few individuals show chlorite 
alternating with muscovite, 

'Sterrett, D. B.. Precious stones: Mineral Resources U. S. for 190S, U. 8. 
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Plagioclaae is abundant and scarcely exceeded b; the com- 
bined amounts of orthoelase and microclibe in tlie slides exam- 
ined. It forms individual anhedrons and is also micropertliit- 
ieally intergronm with orthoelase and microcline. Carlsbad twins 
(-un be detected with difBcnltj, except in sections inclined to tlte 
zone (100) (001). Two individuals were noted which combine 
iilbite and Carlsbad twins; the; have practically parallel extinc- 
tion and show very slight difference in color between the Carlsbad 
halves when rotated 45° from the position of extinction. These 
might be either albite sections normal to (100) (010) or oligo- 
i-lase. Several other sections normal to the albite lamella, and 
showing no Carlsbad twinning, extinguish at 10° to 15°. The 
highest index of refraction, as determined by the Becke method, 
is lees than the mean refractive index of quartz. These are prop- 
erties of albite; the chemical analysis shows that it contains an 
iidmixture of the anorttiite molecule. 

Orthoelase appears in less quantity than either albite or 
microcline. It is occasionally twinned after the Carlsbad law. 
The extremely fine twinning of the microcline suggests a soda 
variety. This feldspar is more generally intergrown with albite 
than is the orthoelase in the slides examined. A small quantity 
of sericite has been developed through the weathering of ail the 
feldspars. The quartz forms micrographic intergrowths with all 
the feldspars, though not commonly with the albite. Liquid in- 
clusions are common. A few grains show undulatory extinction 
as the result of slight dynamic stresses. 

Chemical and mineral composition. — In the table below are 
given the analysis of a specimen of the granite from Browns Gulch 
and the analysis of the nevadite, or granite porphyry, of Chalk 
Mountain, in the Leadville region. Specimens of the Chalk Moun- 
tain rock and of the granite porphyry marginal facies of the 
Browns Gulch granite are megascopically very similar. 
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Analyse! of granites and granite porphyry 



SIO, . 

AI.O, 

Fe.O, 

FeO . 

MgO 

CaO . 

Nft,0 

K,0 

H,0- 

H,0+ 

TiO, 

ZrO, 

P,0, 

CI ... 

MdO 



1 


2 


74.27 


74.40 


13.67 


13.91 


0.48 


1.39 


0.45 




0.12 


0.28 


0.65 


0.61 


3.48 


4.65 


5.90 


4.36 


0.10 

0.04 


1 0.05' 


0.49 




0.01 




0.04 




0.02 




rone 




99.72 


100,25 



74.4E 
14.72 
none 
0.56 
0.37 
0.S3 
3.97 



te. Browns Gulch, Colo. R. M. I 



i, analyst. 

2. Alkali granite with some amphlbole and pyroxene. Hasunda. Jemtland, 
Sweden. RosenbUBch. H., Blemente der Oeutelniilehre, 3d ed., IBIO, p. BG. 

3. Nevadlte ((franlle porphyry). Chalk Mountain, Colo. W. F. Hlllebrand, 
analyst. Cross, Whitman, Mon. U. S. Geol. Survey, vol. 12, 18S6, p. 349; Bull. 
V. S. Qeol. Survey No. 1&(I, 1898, p. 164; Clarke, F. W., Bull. U. S. Geo). Survey 
No. 419, 1910. p. 109. 



KoBenbuscli^ objwtw to the name alkali granite for a rock 
having this chemical composition, unless it carries alkalic amphi- 
boles or pyioxeneB, I'rofesisor I'ii-swon' sees no objection to call- 
ing such a rock an alkalic granite when we know the chemical and 
minerul composition, independeutly of the evidence furnished by 
the presence of alkalic ampbiboles or pyroxenes. He would con- 
sider this rock an alkalic, potassic granite, in which biotite has 
been developed instead of alkalic ampbiboles, owing to the high 
content of |>ota8b and conditions of crystallization, whereas in 
strongly sodic magmas alkali ampbiboles or pyroxenes are com- 
monly formed. 

The following is the norm of this granite according to the 
quantitative system: 
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Norm of granite of Browns Oulch 

Quartz 29.82 

Ortboclaaa 35.03 

Alblte 29.34 

Anorthlte 3.34 

Hyperethene 0.40 

Hematite 0.48 

Corunduiu 0.31 

99.63 
This norm corresponds to lipiiroae. 

The mode, or aotaa) uiioeral compoKitiOD, of the granite, as 
computed from the chemical analysis, is as follows: 

Mineral compoiition of granite of Brotcnt Oulch 

Quartx 30.36 

Alkallc feidepar' 66.48 

Blotlte 2.86 

llmenlte 0.15 

TlUnlte 0.78 

99.63 

The biotite was ansumed to have a romposition similar to that 
noted on page 1:17. In tiie calculation it was nccetwary to make a 
slight readjustment among the raolecnW of magnesia, ferrous 
oxide, and ferric oxide. There was also an excess of .61 per cent 
alumina which was included in the biotite, in the cnlcuIatJon. 

ETNA QUARTZ M0N20NITE POBPHYBIf 

Name. — For purfjoses of i-eferenee. the i)refix Etna is here 
used to distinguish the commonest type of quartz monzonite por- 
phyrj, whose occurrence is stated below, from the several varieties 
found in simill stocks and narrow dikes in the area mapped. The 
Etna quarts monzonite iwrphyry is often locally called Etna 
granite. 

Occvrrcncc- — The bulk of Mount Etna and Monumental 
Mountain is composed of (juartK monzonite porphyry which forms 
■an irregularly shajted stock more than two miles in diameter. A 
much smaller stock is found northeast of Touiichi. The same rock 
forma a strong dike extending northeast and southwest from the 
largest stock. The width of this dike varies from a few feet to 
several hundred feet, while the distance befweeu the extremities is 

■Orthoclaxe molecule 33,9£. alblte molecule 30,34, anorthlte molecule l.SZ. 
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about eight and one-half milwi. The pock of a few small dikes is 
very BimHar to the Etoa porphyry. 

Age relations. — This rock is. clearly younger than the 
Princeton quartz monzonite and the quarts latite porphyry. At 
two different points between Nortli Fork and Browns Galcb the 
wide dike breaks through the quartz monzonite. The quartz mon- 
zonite, at these points and elsewhere near the contact with the 
porphyry dike, ,ha8 been considerably sheared and fractured. It 
also contains, in several places, dark, narrow streaks of aphanitic 
rock which may possibly be crushed quartz monzonite, bnt is 
more probably material that was injected along fracture lines 
at the time of the porphyry intrusion. 

On the slopes of Monumental Mountain are frequently seen 
boulders in which the quartz monzonite porphyry incloses small 
fragments of quartz latite porphyry. High on the southwest 
slope of the same mountain, near the trail shown on the map, at 
the contact between the two rocks, dikelets of the coarse quartz 
monzonite porphyry are seen penetrating the much finer-textured 
quartz latite porphyry. 

Deacription. — This porphyry shows megascopic orthoclase, 
plagioclase, quartz, biotite, hornblende, and titanite. Ortboclase 
forms the largest phenocrysts, which have a diameter of less than 
half an inch to two inches (about 10 to 50 mm.). The average is 
probably a little less than one inch. These phenocrysts are com- 
monly pink, but are bluish in parts of the dike north of North 
Fork. Carlsbad twins are sometimes seen. Some crysta]s of 
orthoclase inclose megascopic crystals of the other constituents. In 
the interspaces among the orthoclase phenocrysts are crystals of 
plagioclase, quartz, biotite, and hornblende, with a small quantity 
of groundmass. This is by farthe coarsest-grained porphyry in the 
region mapped. (See PI, XI.) The plagioclase phenocrysts, which 
are white to bluish, are commonly less than ten millimeters in 
diameter. Both Carlsbad and albite twins can be seen in some 
crystals with the naked eye. The quartz phenocrysts have a 
slightly larger average size than the plagioclase, bat constitute 
a far smaller volume. The orthoclase^ plagioclase, and hornblende 
phenocrysts have well-developed crystal forms; the quartzes are 
commonly rounded by resorption. 

In most of the thin sections iron ore, titanite, hornblende, 
biotite, quartz, plagioclase, and alkalic feldspar are seen. Apatite 
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and zircon are less common. Iron ore and titanite have their 
usnal babit. 

The phenocryatic hornblende fomiH small automorphic crys- 
tals. It is ordinarily bright green, but a few crystals are brown. 
Biotite is present in ragged flakes and in well-defined crystals 
with hexagonal outline. Hornblende and biotite vary greatly in 
relative amount. Here one, there the other, dominates. 

The plagioclase phenocrysts micropoikllitically inclose crys- 
tals of titanite and iron ore, flakes of biotite, and grains of quartz. 
The common albite twinning is combined in some crystals with 
Carlsbad twins, giving an opportunity to determine speciflcally 
the feldspar by the Michel-L^vy method. Crystals so determined 
are, at the center, labradorite having the composition Ab,An, to 
AbjAn,. Some crystals have an outer sone of more acid feldspar. 
Zoned crystals are common, but, as a rule, there is very little 
difference in the composition of different zones. 

The orthocUtae phenoerysts, aside from the numerous inclu- 
sions, are homogeneous, but the chemical analysis shows con- 
siderable soda. ClinopiDacoidal sections extinguish at -i- 9° from 
the trace of tbe basal cleavage. The position and small size of 
the plagioclase crystals, as seen in tbe hand specimen, suggest 
that they bad crystallized after the orthoclase. But their auto- 
morphic forms and common occurrence as inclusions in the ortho- 
clase crystals indicate that crystallization of the plagioclase was, 
in large part, prior to that of the orthoclase. 

The quartz phenoerysts are rounded and ^nbayed by re- 
solution. They show inclusions of apatite, zircon, hornblende, 
groandmass, and liquid. 

The groundmctss is variable in habit. It is mainly composed 
of quartz and orthoclase, with small quantities of plagioclase, 
biotite, and hornblende. It ia lai^ly microgranitic, but micro- 
graphic intergrowths of quartz and orthoclase are not uncommon. 

Chemical and mineral composition. — Column 1 of the table 
below is the analysis of a specimen taken from a prospect on. tbe 
northeast slope of Clover Mountain. Column 2 shows the compo- 
sition of a somewhat similar but flner-grained porphyry from the 
Breckenridge district, Colorado. 
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Analj/aes of quartz momonite porphyries and orthocUue 





1 

C6.71 
15.04 
0.93 
1.74 
1.53 
2.B2 
3.37 
5.04 
0.34 
0.43 
1.29 
none 
0.20 
0.04 
0.46 


2 


3 


4 


S 




68.14 
15.29 

0.35 
1.66 
0.26 
3.03 
3.6B 
4.07 
0.40 
0.39 
0.36 
0.01 
0.17 

0.12 
1.81 


63.20 

19.58 
0.30 

0.76 
2,27 
12.96 

i 0.44 


65.04 

20.40 

0.79 
4.11 
9.74 

0.29 


64.7 


AI.O. 


1S.4 




















16.9 














ZrO, 

P.O. 








MnO 

Remainder 






100.03 


99.65 


99.60 


100.37 


100.00 



R. C. ' 

ISll. p. 



4S. 



inalyBt. Ransome. F. 1 



' Mountuln. Colo. 



. Geol. 



M, Butters. 

itrtct, Colo. 
rey No. T6. 



nnk orthoclaae extracted from N'o. 1. R. M. Butters, analyst. 

4. OrthocLaBe from nevadlte ot Chalk MouoUIn, Lendvllle region. Colo. 
W. F. Ulllebrand. analyal. Crois, WhltmBn, Mon. U. a, Geol, Survey, vol. 12, 
USS, p. 343, Bull. U. S. Geol. Survey .No. 419, ISIO, pp. 1U9. 157. 

G. Theoretical composition of orthoclase. 

Au analysis, by Mr. Butters, of the piuk ortlioclasp from the 
quartz monzonite porphyry is shown in roUnnn 3 of the table 
above. The sample was carefully selected under a strong lens, 
by the writer, after crushing and bolting selected fragments of 
the phenocrysta. The contrast in color betwoen the pink ortho- 
clase and white plagioclase [)erniitted the selection of pink homo- 
geneous feldspar with no plagioclase. Every doubtful grain was 
discarded. The chemical analysis was made with extreme care. 
The result shows that the molecular ratio of Xa,0 to K,0 is 
nearly .27, while the ratio of OaO to KjO is about .094, 

Column 4 shows the composition of a feldspar crystal from 
the nevadite of Chalk Mountain, Colorado, which contains .83 
per cent lime, 3.97 ]ter ceut soda, and 4.53 jwr cent potash.' By 
comparison of the analyses it is seen that the amount of soda and 
lime in the feldspar of the Etna porphyry is much less than that 

I See p. ISt, this bulletin. 
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in tlie feldspar of tbe nevadite in proportion to the relative 
amounts of theee oxides in the containing rocks. This difference 
may have been caused by the early crystallization of the plagio- 
clase in the Etna porphyry, which left the residual solution 
relatively poor in lime and soda and rich in potash. 

The following is the norm of tbe Etna porphyry according 
to the quiintitative eystem: 

Worm ot Etna porphyry oj Clover Mountain 

Quartz 20.10 

OrttoclaBe 29.47 

Albite 28.30 

Anorthlte 11.12 

Dlopslde 2.24 

Hyperathene 3.8C 

Magnetite 1.39 

Umenlte 2AZ 

Apatite 0.31 

99.ZZ 

This norm rorresponds to toscanose. 

lielow is the mineral composition of the Etna porj)hyry, as 
calculated from the chemical analysis. The orthoclase, as given 
in the table, contains the same proportions of soda and lime as 
the chemical analysis shows. 

Mineral composition of Etna porphyry of Clover Mountaitt 

Quartz 21.84 

Orthoclase 32.42 

Plagloclaee (average Ab,,An,) 30.35 

Blotite 7.95 

Hornblende 3.60 

Magnetite 0.70 

Ilmenlte 0.7C 

Titanlte 1.37 

ApaUte 0.31 

99.30 

This rock con-esponds very closely, in mineral composition, 
to Brogger's quartz monzoaites, having approximately equal 
amounts of orthoclase and plagioclase. 

OTHER VARIETIES OF QUARTZ MONZONITE PORPHYRY 

Porphyries of a few small areas mapped as quartz monzonite 
porphyry do not conform to the type described. 
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The dike-like stock near the head of Tomichi Creek is parti; 
compoBed of porphjrf that does not differ eBBentially from the 
Etna type. Most of the body, however, is made Dp of a variety 
which was probably intruded independently and differs from 
the Etna type chiefly in that the groundmass forms a much greater 
proportion of the rock, and the phenocrysts are Bmaller, while 
orthoclase and quartz phenocrysts are few in number. 

The small occurrence on the north slope of Contact Hill and 
the one just north of Bonanza Creek are probably parts of a 
(tingle intrusion which is mostly covered by slope-wash and allu- 
vium. This rock carries numerous large quartz phenocrysts and 
a few badly weathered 'feldspars in a dense, greenish-gray ground- 
mass. No thin section of the rock was made. 

The small area mapped as quartz monzonite porphyry' n mile 
and a half northwest of Shavano Mountain contains two varieties 
which could not be readily separated in the mapping. One oar- 
ries Qumerons binish plagiocla^ plienocrysts three to hve milli- 
meters in diameter, and a few biotite crystals, in a rather coarse 
microgranitic groundmass of quartz and orthoclaBe. The set^ond 
ivariety, which is essentially a granite porphyry, carries a few 
very small phenocrysts of biotite and acid plagindaae in a micro- 
granitic groundmass composed chiefly of quartz and 'orthoclase, 
with a few titanite crystals. 

BOOKS OF THE CHONOLITHS 
ANDE8ITE 

Occurrence. — Andesite is exposed throughout an area more 
than a mile in average width and about four miles in length, 
extending from Browns Gulch eoiitlnvest nearly to the divide 
between the North and Middle forks. On the northwest side the 
contact between the andesite and underlying quartz monzonite 
dips southeastward 40° to 45°. On the southeast the andesite- 
gneisscontact is about vertical. At least tlie upper part of the 
andesite mass, therefore, is wedge-shaped, growing narrower down- 
ward. It is probable that the andesite was injected as a chonolith 
under a comparatively tliin cover. This is suggested by the 
texture of the rock, while the relation of the andesite to the 
surrounding rix'ks all but precludes its having been extruded at 
the surface. 

The tongue of rock extending from the andesite area west 
ward between the quartz monzonite and quartz latite porphyry 
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is slightly coarser in texture than the andesite proper and carries 
considerable quartz as phenocrysts or inciusions. The rock is too 
badly weathered to be named exactly but it is probably a dacite. 
Whether this rock is a phase of the audesite or was intruded 
independently, is not clear. There lias been much brecoiation in 
this zone, and fragments of both the andcsite and the dacitic rock 
are cemented by a finer andesitic matrix. 

Age relations. — The andesite is younger than the quartz 
monzonite gneiss, of which it incloses large xenoliths on the south 
and west slopes of Calico Mountain. It is probably much younget 
than the youngest plutonic rock of the region, but of this there 
is no proof. A mile and a quarter northwest of Mount Etna, 
boulders of breccia show many fragments of both andesite and 
the dacitic rock in a matrix of quartz latite porphyry. From this 
it is inferred that the andesite is older than the quartz latite 
porphyry. i 

Description, — The freshest rock is dark gray and has a dense 
groundmass which is far greater in volume than the phenocrysts. 
Many small phenocrysts of feldspar and of biotite, having a maxi- 
mum diameter of three millimeters, are present. Pyrite grains 
are not uncommon in joint planes. The feldspars are commonly 
light greenish-gray, owing to the presence of minute grains of 
epidote. Cleavage faces of those which retain a glassy luster 
show albite twin striations under a lens. 

In many exposures the rock is green because of the presence 
of abundant epidote. In several places the surfaces of blocks are 
covered bj brown or red iron oxide. Calico Mountain presum- 
ably has taken its name from the variegated colors which this 
rock shows on its slopes. Wherever the andesite is exposed on 
slopes it is broken into sharply angular fragments a few inches 
in diameter. 

Under the microscope hornblende appears as a phenocryatic 
mineral, in addition to plagioclase and biotite. No orthoclase 
phenocrysts are seen, in thin sections, but the chemical analysis 
indicates the presence of some orthoclase in the groundmass. 

Plagioclase phenocrysts which combine albite and Carlsbad 
twinning are shown by the Michel-L^vy method to be labradorite 
having the composition of about Ab^An,. They exhibit only slight 
zonal banding and are hence apparently fairly uniform in com- 
position. 

The hiotite is the ordinary brown, pleochroic variety. Many 
crystals show hexagonal outline. A "reaction rim" is common; 
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this geeins to be composed mainl; of black iron ore and kaoliii. 
Under a Uigh-power objective a sagenite web of rutile needles 
can be seen in many of the slightly altered biotite cr^-stals. Pale- 
green hornblende is quite plentiful as a phenocryst. It shows 
alteration to a colorless auiphibole, e[>idote, and iroD ore. 

The pilotaritic groundmasa contains closely packed, lath- 
shaped feldspar microlites, minute grains of iron ore, small pris- 
matic crystals of apatite, a few prismatic zircon crystals, and 
secondary epidote, in addition to a considerable quantity of 
transparent, colorless material which is probably made up of 
quarts and orthoelase. The feldspar microlites are commonly 
once twinned and many show inclined extinction. They are 
apparently chiefly andesine. The iron ore, which is abundant, is 
probably largely ilmenite, as suggested by the considerable quan- 
tity of titania in the rock. Ko titanite can be seen. 

Chemical and mineral compositiott.^The following is an 
analysis of a fairly fresh specimen of the andesite from near the 
head of Jennings Gulch: 



AI.O, . 
Fe,0. , 
FeO .. 
MgO .. 
CaO .. 
Na.O . 
K,0 .. 



. 0.09 
. 2.02 
. none 



99.97 

The following is the norm according to the quantitative 
system : 

Norm of andesite of Jennings Qalch 

Quartz .'..-. 9.6G 

Orthoclaee 18.80 

Alblte 27.77 

Anorthlte 28.08 

Dlopaide 0.46 

Hyperstbene 7.36 

Magnetite 2.56 

Ilmenite 3.80 

Pyrlte 0.23 

Apatite 0.93 



99.73 
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This Dorm corresponds to ehoshotiose. 

The following table gives the actual mineral couiposition, as 
ralcnlated from the chemical analysis: 

Jfin«ral compotition of andesite of Jenninga OttlOi 

Quftttz 13.02 

OrthoclSBe 12.79 

Plagloclase (average Ab„ An,) 53.10 

Hornblende 4.40 

Biotite 10.66 

Magnetite 1.62 

Ufaenlte 3.04 

Pyrite -. 0.23 

Apatite 0.93 

99.79 

The hornblende and biotite were aasumed to have the same 
composition as the hornblende and biotite noted on page 137. In 
the calcnlation it was found that the rock analysis gives about 
AO per cent too mnch magnesia and .72 per cent too little ferrous 
oxide for the assumed composition of the hornblende and biotite. 
This difference was adjusted between the two minerals. 

QUARTZ LATITE PORPHYRY 

Occurrence. — This rock is exposed over a considerable area 
near the head of Middle Fork and Chalk Creek and on the south 
slope of Monumental Mountain. In addition to the several discon- 
nected masses shown on the map. there is an exposure of the same 
rock on the southwest slope of Mount Etna. Because of the great 
amount of sliderock here, the boundary of this occurrence could 
not be determined with even a fair degree of accuracy. It is 
probable that all these disconnected masses originally formed 
part of a single chonolitb which was split into several smaller 
bodies by the later quartz monzonite porphyry intrusion. Tfae 
quartz latite porphyry is locally called diorite porphyry, but the 
character of the groundmass and the ratio of groundmass to 
phenocrysts do not justify the local name. 

Age relations. — Since the dacitic rock that separates the 
quartz latite porphyry from the Pomeroy quartz monzonite fur- 
nishes fragments to the overlying quartz latite porphyry, the 
last-named rock ia clearly younger than the dacitic porphyry. 
What is evidently the same quartz latite porphyry is found 
cementing andesite fragments in a breccia a mile and a quarter 
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northwest of Mount Etna; the quartz latite body is, therefore, 
almost certainly younger than the andesite. The coarae-textured 
quartz monzonite poi-phyrj carriea inclusiona of the quartz latite 
porphyry and sends dikelets into the- body of this rock on the 
south slope of Monumental Mountain; the quartz latite porphyry 
is hence older than the quartz monzonite porphyry. 

Description. — The i-otk is bluieh-gray and shows in the hand 
specimen many phenocryBts of white to bluish feldspar, a few 
pink feldspars, numerous biotite and hornblende crystals, and an 
occasional titanite crystal. The feldspars are mostly less than 
three millimeters in diameter. Although an occasional biotite 
crystal may have a diameter of three or four millimeters, most 
of the biotite and hornblende crystals have a diameter of less than 
one millimeter. The groundmass is approximately equal to the 
phenocryste in volume. 

In thin section plogioclase is seen to be the most abundant 
phenocrysfic mineral. The common albite twinning is, in a few 
crystals, combined with pericline or Carlsbad twins. The plagio- 
clase ranges from basic andesine to oligoclaee. Many crystals 
show a core of andesine surrounded by a shell of oligoclase. In 
phenocrj'sts of this character the oligoclase appears to be in excess 
of the andesine, A few orthoclase crjstals are present in some 
specimens. Although the feldspars are in part automorphic many 
of the crystals have been broken, some have no regular outline, 
and a few have been embayed by re-solution. The feldspars inclose 
portions of the groundmass, small crystals of apatite and many 
minute needles which appear brown in transmitted light and may 
be rutile. 

As a rule, biotite exceeds the hornblende in amount, but in 
some specimens these two minerals are present in nearly equal 
quantity. The biotite ia the common brown variety. Many crys- 
tals are bent showing that there had been some movement of the 
magma after the mica had crystallized. The biotite shows more 
or less resorption in that some crystals are bordered by a very 
narrow band of magnetite powder. Other crystals are wholly 
unaltered. 

The hornblende is the ordinary variety with an extinction 
angle of about 20°. Many hornblende cr^-stals show no alteration ; 
some show a resorption rim of magnetite dust; others have been 
completely replaced by a mixture of secondary material which 
contains considerable iron ore. 
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Quarts is very seldom seen as a phenocryst in the average 
rock. Where it does appear it- has no crysta] outline but ie 
rounded and embayed by re-solution. 

In addition to the minerals mentioned, titanite is shown by 
the njicroecope to be a plentiful accessory, A few prisms of 
sircon and many formless grains of iron ore are seen. The iron 
ore* was probably, in large part, derived from the biotite and 
hornblende. 

The most characteristic type of groiiudmass, as seen under 
a low-power objective, consists mainly of a microgranular aggre- 
gate of a doubly refracting mineral filled with a swarm of dust- 
tike inclusions. With the aid of the highest power, minute crystals 
of zircon and apatite, besides glass and liquid inclusions, may be 
recognized. Bnt there are still a greater number of indetermin- 
able inclusions, among which are brown prismatic forms, brown 
to black octahedrons, and numerous dark, formless grains. The 
imperfectly defined grains which carry the minute inclusions are 
probably in large part orthoclase. although some are nnquestion- 
ably quartz. There is no suggestion of lath-like feldspar micro- 
litea so commonly seen in andesites. 

The type described may give way, on the one hand, to a 
variety slightly coarser, in which most of the grains are more 
certainly orthoclase. On the oth^r hand, the groundmass becomes 
more finely granular, without the poikilitie effect and with 
abundant interstitial material which does not react on polarized 
light and is probably glass. All these varieties may t>e seen in 
one slide and in specimens from widely separated localities. 

Beside these peculiarities of groundmass, the microscope 
shows small patches of porphyrj' of the same general composition 
as the surrounding rock but more coarsely crystalline. In one 
slide unstriated feldspar and much pyroxene make np most of 
an included fragment. This may be a crystallized fragment of 
impure magnesian limestone which had been fused by the heat of 
the magma. A study of the characters mentioned leaves the 
impression that there was considerable kneading of the magma 
after crystallization was well advanced, or rather, that succes- 
sive pulsations forced the more mobile magma from below up into 
the cooler and better crystallized cnist of which fragments were 
held by the invading magma when it came to rest. There is 
evidence of at Itfaat three not widely separated periods of crystal- 
lizing of the groundmass. The almost complete absence of flow- 
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structure, the bent micaB, aod the mptared feldspars lend sopport 
to this hypothesis. 

Chemical and mineral compusition. — The table shows the 
chemical composition of a specimen of quartz latite porphyry from 
the Mohammed tuDuel. For comparison, the analysis of a quartz 
latite from near Silverton, Colorado,' is also given. 
Analyaei of quartx latite porphyriei 





1 


2 


H.O- „. 


1 


2 




64.56 
17.36 
0.76 
LSI 
0.73 
3.25 
3.66 
6.94 


64.93 
10.79 
3.E4 
0.3S 
0.65 
2.11 
3.33 
4.76 


0.41 
0.45 
0.61 
trace 
0.08 
0.01 
0.33 
notdet 














FeO 


ZrO, 


0.03 




CI 










BrO 










99.S6 


100.08 



1. Quarts latite porphyry from Mohammed 
R. H. Butters, analyst. 

Z. Quart! Latite from bench : 



Uonorcb district. 



The following is the norm of the Monarch rock, calculated 
from the chemical analysis: 

Norm of quartz latite porphyry (ram Mohammed tunnel 

Quartz 12.96 

Orthoclase 35.03 

Alblte -.. 29.87 

Anorthlte 14.18 

DiopBlde 0.92 

Hyperathene 3.45 

Magnetite 1.16 

Ilmenite 1.22 

Apatite 0.31 

Water not used In calculation 0.86 



99.96 

In the quantitative Bysteiii the rock is toscanose. 

lielow is the actual mineral composition, or mode, calculated 
from the chemical analysis. The composition of the biotite and 
hornblende was assumed to be the same as that of the biotite 
and hornblende noted on page 137: 
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Mineral composition of guartz latite porphyry from Mohammed funnel 

Quartz 14.58 

Orthoclase 31.14 

Plagloclase (average Ab,AD,) 42.6G 

BioUte 7.38 

Hornblende 1.93 

Magnetite 0.46 

TItanlte : . . 0.98 

Apatite 0.31 

9B.34 

The calculation of tbe mineral composition showM that the 
assumed rheuiical romposition of the biotite and hornblende re- 
cjuired .40 per cent more magnesia and .72 per cent less ferrous 
oxide than tlie rock analysis contains. An estimate of the rela- 
tive amounts of component iiLineral8 from a thin section of the 
specimen analyzed would not differ greatly from the proportions 
as given in tJie table above. This section, however, contains much 
more biotite in proportion to hornblende than most of the slides 
examined. 

DIEE-BOCKS 

The quartz monzonite porphyry which occurs in one excep- 
tionally strong dike has been described. Mention has also been 
made of the granite dikes which ^re apophyses of the quartz 
monzonite body. 

Aside from the dikes mentioned, dikes of porphyry and felsite 
are common, especially near the borders of the Princeton quartz 
monzonite. They ordinarily range from a few inches to fifty feet 
in width. Most of them are less than thirty feet wide. Many are 
very irregular in their course in the sedimentary rocks, and some 
follow the bedding planes for considerable distances as intrusive 
sheets. As a rule, outcrops are easily followed on the ridges and 
higher parts of the slopes, but in the valleys talus and soil cover 
the dikes too deeply to permit them to Ite readily traced. There 
■is little or no doubt that many of the dikes seen on the ridges 
and higher slopes are continuous through the valleys. 

The dikes here described are found cutting the quartz mon- 
zonite gneiss, quartz monzonite, and Etna porphyry, besides the 
, pre-Cambrian and Paleozoic rocks; but the relative age of the 
different kinds of dikes is unknown. 

Like the granular intnisivss, these dike-rocks are interme- 
diate to acid in composition. Textnrally the; include these ex- 

., Google 



IfiS MONARCH AND TOIIICHI DISTRICTS 

treuies: (1) very coarse porphyry almost phanerocry stall ine, 
(2) piti'hstone porpliyry and felsite. Most of them, however, 
have iDterniediate porphyritic texture. 

In the field it was found practically impossible to map sepa- 
rately all the varieties because of the numerous gradations and 
generally weathered condition of the rocks. Furthermore, many 
of the felsitic rocks, even if quite fresh, cannot, without chemical 
analyses, be accurately placed in a strict i>etr(^raphic elassitica- 
tion. For these I'easons some dikes that are probably rhyolitic 
and a few that may be andesitic, are shown on the map in the 
same color as the latite and latite porphyry. 

The study of thin sections shows that the dike-rocks include 
the following types: (1) monzonite porphyry, (2) quartz mon- 
zonite porphyry, (3) quartz latite porphyry almost identical in 
composition with the quartz latite jwrphyry of tJie chonolith, 
(4) latite porphyry which dillci-s from the monzonite porphyry 
only by having a finer texture, ("O latite with few or no pheno- 
crysts, (6) andemte porphyry, (7) rhyolite and rhyolite porphjTy, 
and (8) pitchstone porphyry. 

The typical quartz latite porphyry is found in only a few 
dikes. One of these is on the divide northeast of the head of 
Jennings Gulch; another is crossed by the road about half a mile 
west of the Victor mine in' the Tomiehi district. Examples of 
latite porphyry are most common east of the Continental Divide; 
because of the close resemblance of this rock to the monzonite 
porphyry described below it needs no further mention. Escept- 
ing the latite porphyry and quartz latite porphyry, the types 
mentioned are briefly descrit)ed in the following paragraphs. 

MONZONITE PORPHYRY 

A large number of the dikes are formed of bluish-gray mon- 
zonite por)ihyry which carries, besides orthodase and plagioclase, 
abundant homhiende. no biotite, and very little or no quartz. 
A few dikes have biotite instead of hornblende; others have both 
biotite and hornblende. Ijocally, cubes or grains of pyrite are 
abundant. In composition the dikes range from diorific to syen- 
itic, but perhaps a majority of them are tj'pical monzonite por 
phyry, having orthoclase and plagioclase in nearly equal amount. 
Flow-structure is shown in several dikes by the parallel orienta- 
tion of the hornblende crystal^. 
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As a phenocryst, alkali feldspar, chiefly orthoclaee, varies 
greatly in amount. In places it is practically absent. In other 
places it may equal the phenocrystic plagioclase in volume, bnt 
it is commonly subordinate to the plagioclaae. Occasionally a 
small quartz phenocryst may be seen. 

The groundmass is microcrystalline. In volume it may ex- 
ceed the phenocrystB in varieties of porphyry with fairly large 
phenocrysts. From this maximum the groundmass decreases to 
only a few per cent of the rock mass in varieties with phenocrjsta 
one to three millimeters in diameter. Good examples of porphyry 
composed almost entirely of phenocr}-8ta may be seen in the dike 
Routhwest of Maysville, and near the top of Clover Mountain at 
the north edge of the dike. On Clover Mountain this rock appears 
to grade from the sides of the dike into the coarser quartz mon- 
zonite porphyry. 

On Clover Mountain and in other places epidote is abundant, 
replacing the plagioclase in part and giving a greenish color to 
the rock. 

The microscope shows, in addition to tlie megascopic cod- 
. stituentB, apatite, zircon, iron ore, and probably allanite. Apatite 
and zircon are very rare and in minute crystals. Iron ore is 
plentiful in minute anhedrons and octaliedrons. Titanite is much 
less common than it is in the quartz monzonite porphyry and the 
quartz monzonite. In a few slides small formless grains of a 
brown, strongly pleochroic mineral with high refractive indices, 
are seen. Since the absorption of the slow ray is greatest, pro- 
ducing a deep brown, it is inferred that this mineral is allanite. 

The hornblende is greenish-brown and has an extinction angle 
of about 15°. This mineral is automorphic and many of the 
crystals are twinned. In one slide the hornblendes have a re- 
sorption border showing two zones. The first zone next to the 
hornblende is composed mainly of black iron ore. The outer and 
wider zone is too finely crystallized and too much altered to 
permit certain determination. It is probably in part pyroxene, 
bnt much of the material has a low refractive index and shows 
pleochroism and interference colors which suggest biotite. In 
many specimens alteration of the hornblende has given rise to 
epidote and chlorite with iron ore. The biotite is thecommoo 
brown variety. It shows alterations to epidote and chlorite with 
iron ore. 
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The plagi(M-laBe occurs in well-formed crystals. Albite twin- 
uing is comiDOD, id some instancet) combined with (.'arlabad twine. 
Zonal structure in pronounced in must of the crvstals. The most 
liasic feldspar at the ceoter is undeRine; the outer zone is oligo- 
clase or alkali feldspar. Epidote and sericite are very common 
alteration products. Zoisite accompanies tlie epidote to a few 
specimens. Although some calcite has been formed, it is not 
abundant. Most of the orthocla»e phenocrjsts, aside from the 
numerous inclusiooB of plagioclase, are homogeneous, but a few 
carry a small amount of micro|>erthiticall.v intergrown plagio- 
clase. One peculiar pheno4-ryst has a core of alkalic feldspar 
poilcilitically inclosin); small plagioclase crystals and quartz 
grains. Surrounding this core is a wide zone with fewer inclu- 
sions but intergrown niicrographically with quartz. The feld- 
spar of both zones is partly nnstriated, but partly very finely 
twinned after the albite and i)ericline laws. Tliis feldspar prob- 
ably carries a high soda content. The rock itself marks a tran- 
sition to the quartz monzonite porphyry. Where quartz appears 
as a phenocryst it has been corroded as in the more quartzose 
porphyry. 

Tbe ground mass is, in genera), a microgranular aggregate of 
orthoclase and plagioclase with considerable iron ore. Shreds 
of hornblende and biotite are not uncommon and in some speci- 
mens a little interstitial quartz api)ears. Rarely the groundmass 
of the more micaceous rock is uiicropoikilitic, being composed 
essentially of orthoclase grains inclosing great numbers of small 
brick-shaped plagioclases. A little interstitial quprtz is present 
in this variety. Still more rare is the groundmass composed 
essentially of ortbo<Iase with a small amount of niicrographically 
intei*grown quartz. The ratio of orthoclase to plagioclasein the 
groundmass varies widely. Jn some specimens, even those in 
which the feldspar phenocryats are practically all plagioclase, 
the groundmass is composed mainly of orthoclase. In' others 
plagioclase is dominant. 

QUARTZ MONZONITE PORPHYRY 

Under this name are here included ail the coarser porphyries 
composed essenti.Tlly of orthoclase and plagioclase in nearly equal 
quantity, on the average, with more or leas quartz. Biotite and 
hornblende are everywhere present. Quartz may vary from an 
almost negligible component of the groundmass to a very promi- 
"-nt phenocrystic mineral. The ratio of orthoclase to plagioclase 
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is variable, but both of these feldspars are constantly present. 
Although the roi-k has an average composition about intermediate 
between a granite and a diorite, there are local granitic, syenitic 
and dioritic varieties. By decrease of quartz the quartz mon- 
sonite porphyry grades into nioazonite porphyry. Except in 
having a finer texture, generally, and considerable variation in 
the quantity of quartz and dark minerals, the quartz moDZonite 
[wrpfayry of the smaller dikes does not differ materially from the 
Rtna porphyry described. ' 

LATITE 

This rock is commonly very light gray or white in color and 
felsitic in texture. Some dikes carry no megascopic phenoerysts. 
The phenoerysts which occur in some dikes are very small. They 
are chiefly feldspar, but biotite or hornblende may be present in 
some places. Quartz appears sparingly in small phenoerysts in 
a few dikes and marks a transition to the rhyolite. Small cubes 
of pyrite are locally abundant. The rock is generally much 
weathered; the original ferromagnesian minerals, as a rule, have 
been completely replaced by alteration products. 

The microscope shows in most specimens apatite, iron ore, 
biotite, plagioclase, and orthoclase. Titanite, hornblende, and 
quiirtz are present in some specimens. Fresh material is rarely 
.found; the slides commonly carry a considerable quantity of 
secondary minerals, principally kaolin, sericite, epidote, chlorite, 
and calcite. Both orthoclase and acid plagioclase occur as pheno- 
erysts, the relative proportions valuing greatly. 

Two types of grouudmasS' are seen in the latite. The first is 
a micropoikilitic type in which small grains of orthoclase and 
perhaps quartz, inclose numeroun latlishai)ed plagioclase micro- 
lites. The second and more common type of grouudmass consists 
of a microgranular aggregate of orthoclase and plagioclase be- 
sides a little quartz in some specimens. 

ANDESITE PORPHVRV 

A few dikes of andesite porphyry occur on both sides of the 
Continental Divide, One of the most tjpieal is just east of Boss 
Lake. Anotlier is on the north slope of Contact Hill in the 
Tomicbi district. This rock is greeniah-gray and shows numerous 
small crystals of feldspar and hornblende with a few flakes of 
biotite. 
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Id thin section nre seen apatite, iron ore, hornblende, biotite, 
IilagioclaKe, and a little orthoi-lase. Apatite has its ordinary 
babit. For an arressorj- black iron ore is quite abundant in 
octahedrons and formless grains. 

The hornblende is greenish-brown and has an extinction angle 
of about 15". The biotite is the ordinary brown variety. IMagio- 
clase is abundant in antomorphic tabular crystals many of which 
combine Carlsbad and albite twinning. Extinction angles indi- 
cate ttfkt the plagioclase is mainly andesine, but most of the crys- 
tals are bordered by a narrow zone of a more acid variety. 

The groundmass is composed of lath-like plagioclase crystals, 
a small quantity of interstitial ortbwlase, and small shreds of 
biotite and hornblende. 

RHVOLITE 

The rhyolite presents two types: (1) felsitic rock with few 
and small phenocrysts, (2) rhyolite i>ori>hyry in which pheno- 
crysts of quartz and feldspar are common. 

The best examples of the first type are found on the east 
slope of Taylor Mountain. The rock is ordinarily light gray or 
almost white; in some places it is stained by brown oxide of iron 
or dendrites of black oxide of manganese. In color and texture 
this rock resembles the "white porphyry" of the Leadville* dis- 
trict. Some dikes have a few feldspar phenocrysts one to three 
miltimeters in diameter. Bmall quartz phenocrysts are some- 
times present, but in general the quart?, is confined to the ground- 
mass. Minute biotite crystals or pseudomorphs after biotite are 
sparingly present. Pyrite cubes or limonite pseudomoqilis after 
pyrite are not uncommon. 

In some thin sections both orthoclase and plagioclase are 
present as phenocrysts. In others, plagioclase is the only phcno- 
crystic feldspar. Many of the phenocrysts are much sericitized 
and kaolinized and are difficult of specific determination. Ex- 
tinction angles indicate that the plagioclase is at least in part 
andesine. The biotite is the common brown variety, bnt in most 
specimens it has been replaced by epidote, chlorite, and Iron ore. 
The gi'oundmass is. generally microgranitic, composed chiefly 
of unstriated feldspar and quartz. A few specimens carry a con- 
fiiderabl« residue of micrographically intei^rown quartz and feld- 
spar. In one thin section the quartz and the feldspar of the 
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groundmaBB swarm with duat-like inclusions. Several specimenB 
have a luicropoikilitic groundmass composed essentially of ortho- 
clase inclosing minute lath-shaped microlites of plagioclase with ■ 
very low extinction angles. In this variety the quantity of quartz • 
is very small ajid the rhyotite approaches latite in composition. 
Accessory minerals are apatite, titanite, and zircon. A few 
small apatite crystals are found in all the slides examined. 
Titanite is seen only occasionally. Small, stout zircon crystals 
' are numerous in some specimens, but are not present in others. 

BHYOLITE POBPHYHY 

Rbyolite porphyry is found iu typical development in a dike 
in and near the fault in th^vicinity of the Spar Copper min^. 
The same rock occurs in a sheet above the coarse quartzite east 
of the David H. mine and in a dike or sheet near the head of the 
gulch southeast of Lake Hill. It is probable that these three 
exposures are parts of a single intrusion which may not reach 
the surface continuously or which, having once been exposed, 
may now be covered by talus through part of its course. 

As seen at the surface, the rhyoHte porphyry is light gray 
or nearly white, and carries many quartz phenocrysts and a few 
feldspar crystals two to eight millimeters in diameter, in a micro- 
crystalline groundmass. Fresher material from the dike cut in 
the Parole tunnel ia dark gray in color and carries, in addition 
to quartz and feldspar, small phenocrysts of biotite. 

Examined in thin section the quartz phenocrysts show good 
bipjramidal outline and practically no resorption phenomena. 
Large fluid inclusions are common; a few crystals also inclose 
portions of groundmass. 

Orthoclase and plugioclase, as phenocrysts, are nearly equal 
in amount. MeaBureinent of extinction angles of crystals which 
combine Carlsbad twinning with the common albite twinning, 
shows that the plagioclase is mainly andesine. In one slide, 
however, labradorite with the composition of about AbjAn, was 
noted. The biotite of the rock at the surface is replaced by 
epidote and chlorite. 

The groundmass is chiefly a microgranular aggregate of ortho- 
clase and quartz, although iu several specimens the orthoclase 
incloses micropoikilitically small lath-shaped plagioclase micro- 
lites. Most of these microlites have parallel extinction, while a 
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number Btiow an cxtinrtion nnt;Ie of a few degreen. The feldspar 
of the groundniass is ronBiderablr kaolinized. 

This rook tendfi to l>e ninnzonitic iu character, but the pheuo- 
crj'S'tic feldsimr. although nearly half plagioclase, is very much 
less tban the feldspar of the grouDdnianti, which is apparently 
largely orthoclaxe. Thiit preponderance of orthoclase and the 
high quartz content make the rock more granitic than monzonttic 
in mineral composition. 

A variety of rhyolite iKirphyrv which mnrkf< a tninsition, in 
both texture and comiHwition, toward the quartz monzooite por- 
phyry is found in a dike at the north end of Hoffman Park. This 
variety has large pink orthoclase phenocrysts and many andesine 
-phcnocryst8, bexidcs quartz and b|||tite in a microgranitic groand- 
niasa of quartz and orthoclase. The phenocrvRts equal or exceed 
tbe groundmuss iji volnnie. Accessory apatite and titanite are 
present. 

PITCHSTONE PORPHYRY 

A. border of pitchstone porphyry atHmt two feet thick was 
obsened on the west side of a rhyolite porphyjy dike exposed in 
the Morning Star mine. The east aide of tbe dike waa not 
iincovei-ed when the mine was visited. The main part of the dike 
is rh.volite porphyry wiftj holocrystalline groundmass. 

A short distance southwest of the Morning Star mine n 
similar dike was cut by a prospect tunnel driven by Mr. \V. T. 
McConnell. This dike is about twenty feet wide and di|)8 north- 
ward C0°. A few iuches of brown pitchstone porphyry is found 
on the ujiper border. The remainder of the dike is rhyolite por- 
phyry, much decomposed, but siaiitar in composition and texture 
to that in the Morning Star. 

A number of shallow pros(»ect holes reached pitchstone 
I»orphyry, as shown b,v the dumps, along a line about half a mile 
in length, extending northward from near the Breadwinner shaft, 
southeast of North Star. Nowhere along this line is the pitchstone 
now seen iu place but the fact that tbe dump at one fairly deep 
shaft shows both pitchstone porphyry and rhyolite porphyry like 
the varieties in the Morning Star mine aad McConnell's tunnel, 
suggests the pi-obability that the i-elation lie t ween the two varieties 
is the same here as in the dikes observed. The dike, or sheet, may - 
be inclined from the vertical at a high angle. If this supposition 
is correct the shallow holes from which onlv a small amount of 
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pitchstone was removed, did not reach the better crystallized 
interior. 

Description. — The pitchatooe porphyry is commonly green, 
though the brown variety with reginons Inster occurs in the dike 
cut by McConnell's tunnel. Feldspar phenocrjsts one to five milli- 
meters in diameter are common, and a few very small biotite 
crystals can be seen with the aid of a lens. However, the ground- 
mass far exceeds the phenocrysts in volume. 

In addition to the minerals mentioned, quartz is occasionally 
seen in thin section as a phenocryst. The quartz offers no evidence 
of resorption, but shows well-developed prisms and rhombohe- 
drons. Orthoclase and plagioclase, as phenocrysts, are present 
in about equal amount. As determined by measurements on 
crystals which combine Iwth Carlsbad and albite twinning, the 
plagioclase is andesine having the composition of about Ab,An,. 
Ordinary brown biotite is present in small flakes and plates with 
hexagonal outline. 

Accessory components are apatite, zircon, titanite, and mag- 
netite. Apatite is plentiful in needle-like crystals both in the 
groundmass and as inclusions in the feldspars. Zircon is far less 
common and seen in small stout crystals only in the groundmass. 
A few automorphic crystals of titanite are present. Magnetite 
occurs in small quantity in rounded grains. 

The groundmass is composed mainly of glass in which are 
many minute elongated forms of incipient crystallization, which 
react feebly on polarized light. In this rock there do not seem 
to be present any peculiar crystallites, such as have been observed 
in pitchstone of otlier localities. 

EZTBUSIVE BOCKS 
VOLCANIC BRECCIA 

Volcanic breccia forma tlie top of the Sawatch Range in 
the vicinity of what we have called Vulcan Mountain. It extends 
down the east slope less than a quarter of a mile, but reaches 
down nearly half a mile on the west side. Only the largest areas 
are shown on the map. Smaller exposures are found on the south 
shoulder of Central Mountain and along Fort Scott Gulch. 

Age relations. — The breccia carries fragments of nearly every 
other rock in this vicinity, indicating that it is one of the latest 
products of igneous activity. It does not appear to have broken 
through the quartz monzonite porphyry nor does this porphyry 



.dr,yGoogIe 



176 MONARCH AND TOMICHI DIBTHICTS 

inclose fragments of the breccia. Since the breccia and the coarse 
porphyry are not found on contact with each other there is no 
observed field evidence of the relative age of the two. However, 
the character of the breccia shows that it is an extrusive rock, and 
there is no evidence that a great amount of material has been 
removed from above it by erosion. On the other hand, the coarse 
crystallization of the quart?, monzonite porphyry now exposed at 
the surface, indicates that erosion has removed a much greater 
covering from above il than from above the breccia. From these 
consideratioHS it appears probable that the volcanic breccia is the 
youngest igneous rocli in the district, excepting possibly the flow 
breccia and some of the dikes. 

Deifcription. — Tiie breccia generally has a dense, greenish- 
gray matrix cementing angular fragments among which can be 
identified pre-Carabrian granite, quartzite, arkose, chert, limestone, 
marble, baked shale, and <inartz monzonite gneiss. The relative 
quantities of included nicks vary in different places, but fragments 
of sediments are probably the most abundant. The inclusions are 
numerous and in sharp contrast with the matrix, readily catching 
the eye. The greater number of the most conspicuous fragments 
range from a quarter of an inch to two inches across (about 0,5 
cm. to 5 cm.). They run down, however, on the one hand, to 
microscopic in size, and on the other hand, not infrequently reach 
several feet in diameter. Near the border of the breccia area, 
masses of rock 100 feet or more in diameter are found. 

In thin uection the matrix is seen *o be largely glass of which 
the clastic character i« shmvu, in places, hy shreds and angular 
fragments with outlines like those seen in volcanic ash. Minute 
microIitCB of what is probably feldspar or feldspar and quart?,, 
can be seen sparingly distributed through the glass. Occasional 
small crystals of zircon and of titanite are present. Broken and 
comminuted grains of quart)-, and orthoclase, and a little plagio- 
clase, are common. The matrix is much altered and contains 
considerable kaolin, ejiidote, chlorite, and calcite. Without an 
analysis it is impossible to place this rock accurately, but it is 
probably a rhyolite with a low or moderate silica content, 

FLOW BRECCIA 

Brittle Silver Mountain near the north boundary of the 
Tomichi district, is capped by a flow breccia which is probably 
one of the youngest igneous rocks of the region. 
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This breccia, wliich is browoish-gray, cootains numerous 
angular fragments of feldspar and dark gray-brown porphyry, 
besides a few quartz fragments, 1q a light-gray matrix. Tbe 
porphyry fragments range from an inch or more in diameter 
down to microscopic dimensions. Some of these are equidimen- 
sipnal, but a great many are more or leas lenticular in form, with 
their longest axes parallel to the direction of rock-flow. 

Under a low power of the microscope the flow-structure is 
conspicuous. The mattix is composed almost entirely of glass, 
with here and there a minute speck of anisotropic material. 

The included porphyry fragm^ts are much weathered, but 
'do not closely resemble any rock found in the district in mass. 
The phenocrysts, which form a small fraction of tbe volume of the 
fragments, are chiefly orthoelase, with a few plagioclase and 
biotite crystals. The biotite is almost completely replaced by 
chlorite, epidote, and black iron ore. The groundmass is princi- , 
pally glass with a few minute grains nf quartz, or quartz and 
feldspar. 

Ko analysis of the breccia has been made, but it is inferred 
from tbe microscopic study that the composition is essentially 
that of a rhyolite, heaving perhaps a rather low silica content. 
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CHAPTEB IZ 

GENERAL PETROLOGY OF THE POST-CARBONIFEROUS 
IGNEOUS ROCK& 

SUMMARY OF POST-CARBONIFEROUS IGNEOUS HISTORV 

It has beea sbowo in tbe precediDg chapter that aearly all • 
the rocks here considered are younger than the youngest Paleozoic 
sediments, and reasons have been given, in Chapter V, for believing 
they are of post-Cretaceous age. 

8CCCBSSI0N OF INTRUSIONS 

With but few exceptions, the relative age of the successive 
intrusions is determinable from field relations which were speciflc- 
ally mentioned under the several rock types in tbe chapter on 
petrography, Tbe relative age of the Pomeroy quartz monzonite 
is in doubt, but this rock is probably older than the Princeton 
quartz monzonite and may be older than the quartz monzonite 
gneiss. There is no field evidence bearing on the age relations 
between the quartz diorite and quartz monzonite gneiss, but both 
are demonstrably older than the Princeton quartz monzonite. 
According to BrSfi^r' and Harker', a series of platonic intru- 
sions normally begins with the most tmsic member and is followed 
by successive intrusions of increasing acidity. It is not improbable 
that this order was followed in the region here considered. The 
monzonitic diorite stock near Monarch may or may not have been 
intruded synchronously with the typical quartz diorite. 

If we assume that the three diorltlc stocks were intruded 
simultaneously and that the oldest three intrusions, whose rela- 
tive age is in doubt, were intruded in the order of increasing 
acidity, the succession is: 
1- Quartz diorite. 

2. Pomeroy quartz monzonite. 

3. Quartz monzonite gneiss. 

ffwrfB™ %*Sr.', ^- C.. Die Eruptlonsrolse der trladiiichen BruptlvKeatelttc bel 
reaatBo in SUatyrol, 18SB, p. 17B. 

Harker, AUred. The natural hlatory of Isneoua rocks, 1909, p. 118. 
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4. Princeton quartz monzonite. 

5. Granite. 

6. Aodesite. 

7. Quartz latite porphyrj. 

8. Etna quartz monzonite porphyry. 

9. Various dike-rocks ranging from andesite to rhyoiite in 
conipotiition. Some of tliese may have been intruded ayu- 
chronouBly with one or moi-e of the larger porphyry bodieB. 

10. Volcanic breccia and flow breccia. 

The iffneous cycle. — Harker' considers that the normal cycle 
of igneous activity is characterized successively by three phases: 
(1) volcanic extrusions, {2) plutonic intrnsions, and (3) minor 
intrusions. He, however, cites exceptions to this order and states 
tliat the normal cycle is sometimes followed by a relatively feeble 
extrusive phase. 

In the Monarch and Tomichi districts the observed order is: 
(I) plutonic intrnsions, (2) minor intrusions, (3) extrusion, 
llere the chonolithic inti*usious, which Harker would evidently 
include with minor intrusions, were followed by the intrusion of 
Etna porphyry which forms a considerable stock. This has 
features in common with both plutonic and minor intrusions, and 
is here clas**d with the latter, principally because of its relative 
age. It is not impossible that the igneous history began with 
extrusive rather than intrusive activity, but, if so, the early 
effusive rocks have been removed by erosion. 

PHYSICAL CONDITION OF THE INTRUSIVE MAGMAS 

In the section on the fonns of the intrusive bodies and in the 
chapter on petrography are noted ^me observations which have 
a bearing on the inferred physical character of the magma of the 
several intrusions. In this section these observations are sum- 
marized and inferences drawn conceroing the relative viscosity 
of the mafrtua of the successive most important intrusions in the 
supposed order of age. In writing the following paragraphs, the 
writer has nmde fie(|uent use of the works of Harker," Iddings,' 
Pirsson,* and otlieis. and has merely made application of known 
principles and theories, without attempting anything original. 

'Harker. Alfred, op. cU.. p. ZS. 

'Harker. Alfred. The natural tilRtorj' of UneouB rocks. 1909. 

•IddingB, J. P.. On the cryilalllEatlon or igneouB rocks: Bull. PhM. Soc. of 
Washington, vol. 11. 1899. pp. GG-llS. 
iKneous rocks, vol. 1, 190S. 

'Pirsson, L.. V.. On the phenocrysts of Intrusive tKneous rocks: Am. Jour. 
Bcleoce. 4th aer., vol. 7, 1889, pp. 2T1-280. 
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QUASTZ DIOBITE 

The quartz dioritc lu&gina bad apparently, on the whole, a 
considerable degree of fluidity, as is common in a magma com- 
paratively rich in tbe bases. That it was intruded between cold 
walls which chilled the magma rather rapidly is Indicated by 
the porphyry facies near tbe contact, 

POMEBOy QUARTZ MONZONITB 

The composition of this rock does not differ greatly from 
that of the Princeton quartz monzonite. Tbe texture suggests 
a considerable degree of fluidity during the crystallization ,of 
plagioclaee and ferromagnesiao miQerals. The eutectic iuter- 
growth of quartz and ortboclase may indicate a low freezing-point 
and easy crystallization, although tbe mass seems to be a typical 
stock and specimens from the breast of the Pride of the West 
tunnel have a texture identical with that of specimens from the 
top of Grizzly Mountain. Hence it would seem that the geological 
conditions were favorable to slow cooling and crystallization at 
a high temperature. The porphyritic border facies indicates that 
the rock cooled rapidly in contact with tlie adjacent rock into 
which the quartz monzonite was intruded. 

QUABTZ MONZONITE GNEISS 

The coarse grain and extremely large feldspar crystals of 
the gneiss presuppose a high degree of molecular mobility in the 
magma at the time of crystallization. This was doubtless caused 
in large part by the high tGmi)erature of the magma but probably 
in greater degree by the pi-esence of mineralizing agents. 

The exact depth at which this magma crystallized is inde- 
terminable from known facts. At the time of intrusion tbe Pale- 
ozoic sediments were at least a mile in thickness, probably 7,000 
feet, and it is not unlikely tiiat they were overlain by later 
deposits. Were the thickness of the sediments known, the problem 
would be complicated by the high dip of the strata, but there is 
no reason to believe the thickness of the cover was less than tbe 
stratigraphic thickness. Hence the depth at which the final stage 
of crystallization took place was at least one mile, and probably, 
much more. Reasons for inferring that crystallization was far 
advanced before tbe magma came to rest were given in the 
previous chapter. But the probable great depth of crjatallization 
and consequent slow cooling, are hardly sufficient to account for 
the evident low viscosity of the magma. In composition the gneiss 
does not differ greatly from many i>' " 'Cambrian granites 
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which were probabl; intruded at a depth at least as great ae was 
tbe post-Carhoniferoua gaeiss. Still, this goeiss is much coarser 
in texture than any Colorado granites, excepting pegmatite, that 
the writer has seen. 

It would seem that the low viscosity of the magma must have 
been caused in lai^e part by the presence of mineralizing gases, 
such as H3O. Although a variety of mineralizing agents, such as 
gases containing boron and fluorine, may have been present, no 
boron or fluorine minerals were seen either in the gneiss itself or 
in the contact-metamorphic zone. 

FRINCBTON QUARTZ UONZONITE 

Excepting the border facies of the quartz monzonite in the 
Cbalk Greek district, this quartz monzonite has a practically 
uniform texture in the batholith and in tbe smaller stocks, and 
from the center to the inclosing walls. The grain, which is 
medium to coarse, indicates a considerable d^ree of fluidity of 
the magma. 

This quartz monzonite was probably intruded under nearly 
the same thickness of cover as was the gneiss. The temperature 
of the inclosing rock was materially raised for a considerable 
distance from the intrusive rock, as shown by tbe wide contact- 
metamorphic zone. Hence the crystallization of tbe quartz 
monzonite took place under fairly uniform conditions of cooling 
even at the contact. Tbe increase in temperature of the wall-rock 
was doubtless caused chiefly by the heat from tbe large bodies of 
magma which formed the massive quartz monzonite, but it is not 
improbable that at the time of this intrusion there still remained 
some heat effei^s of the previous gneiss intrusion. 

Mineralizing agents doubtless had some part in maintaining 
tbe fluidity of the magma. Although tbe contact-metamorphic 
zone is apparently comparatively free from minerals which con- 
tain the common mineralizers except water, the presence of boron 
and probable flourine, in the magma is indicated by the tourmaline 
in the pegmatite vein at Boss Lake. 

OBANITB 

The granite may have been intruded under a thick cover 

> soon after the quartz monzonite bad crystallized and cooled, or 

it may have been intruded at a much later time after erosion 

had materially lowered the general surfbce of the region. The 

granite porphyry facies at the margin of the stock in Browns 
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Gulcli points to a compnrativel.v cold wali rock aod consequent 
rapid cooling. That considerable fluidity was maintained almost 
throughout the process of crystallization in most of the body is 
shown by the coarse texture of the granite and by a coarsely 
crystallized quartz- feldspar vein, less than an inch thick, extending 
from the granite into the large inclusion of Pomeroy quartz mon- 
zonite. That the bulk of the rock crystallized after the granite 
magma came to rest is indicated by the marginal facies of granite 
porphyry which carries small automorphic quartz and feldspar 
phenocrj'sts in a niicrogranitic to niicrographic groundmass. 

The original heat of the mass and that evolved during crystal- 
lization were doubtless important factors in preserving a low 
viscosity, but mineralizing agents common to granite magmas 
were probably also very effective. Among these mlneralizers, 
gases containing fluorine and hydroxyl were present as evidenced 
by the minerals which have crystallized in the miarolitic cavities. 

ANDESITB 

The andesite magma was one of the least acid in the district, 
and would probably have crystallized with about the same texture 
as that of the quartz diorite under the same geolc^ic conditions. 
The fabric points to a viscous magma. The geologic occurrence 
indicates that the viscosity was largely caused by rapid cooling, 
owing to a comparatively thin cover and small quantity of the 
intrusive rock. 

QUARTZ I.AT1TK PORPIIYEY 

The bent and broken condition of the phenocrysts of the 
quartz lafite porphyry shows that they had formed before the 
magma came to rest. The incomplete crystallization of the 
groundmass points to a high viscosity. While this viscosity was 
doubtless influenced by a high proportion of alumina, potash, and 
silica, the most important factor was probably rapid cooling on 
account of the comparatively small body of magma and a thin 
cover. 

ETNA PORPUYRY 

The texture of this porphyry; excepting a narrow marginal, 
felsitic facies where the long dike cuts the granular intrusives, 
is uniformly much coarser than that commonly seen in aphanitio 
rocks. The felsitic border mentioned would indicate that the 
gneiss and the massive quartz monzoaite had completely cooled 
prior to the intrusion of Etna porphyry, and also that the very 
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lar^ phenocrysts are not of intratelluric origin. Had the pheno- 
crysta formed before the magma rame to rest, they might reason- 
ably be expected to be distributed in the rock close to the walls 
as well as at a distance. 

The qnartz monzonite porphyry magma, as a whole, must 
have had a low viscosity to permit the development of the 
very large phenocrysts and fairly coarse groundmass. It is 
not impossible that the porphyry now exposed crystallized in 
openings through which the magma reached the surface as a 
flow. Under these conditions continuous passage could warm the 
wall rock sufficiently to prevent rapid cooling of the magma after 
the movement had stopped. 

Regardless of the part that may have been played by high 
temperature, mineralizing agents must be considered an important 
factor in maintaining the low viscosity. The growth of orthoclase 
crystals after a large proportion of the plagioclase had crystal- 
lized suggests the presence of catalytic agents that would offset 
in some degree the viscosity that a high proportion of quartz and 
orthoclase in solution would tend to cause. This growth may 
have been promoted by an increasing proportion of water in the 
residual mother- liquor, owing to the withdrawal from the solution 
of the oxides that entered into the crystallization of the older 
constituents. 

RELATIONSHIPS OF THE PREDOMINANT ROCK TYPES 

TE.\TritAL RELATIONSHIPS 

The general similarity of texture that has often been noted 
in various regions among closely relnted rock types originating 
from a common magma, is nearly absent from the rocks here 
considered. The table below shows the prevailing textural vari- 
eties of five of the intrusive rocks which have a similar chemical 
and mineral composition. The granite and the quartz diorite 
have a texture similar to that of the Princeton quartz, monzonite. 

Rock Tcirfure 

Quartz monzonite gneiss Extremely coarse, porphyritic 

gneissic. 
Princeton quartz monzonite Medium to coarse, even-gran- 
ular. 
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Rock Texture 

Pomerof quartz monzonite Bypautomorphic crystals of 

plagioclase and (erroniag- 
nesian minerals with much 
iDterstitial graphically in- 
tei^rown quartz and ortho- 
clase. 
Lai^, conspicuous orthoclase 
phenocrysts, smaller plagio- 
clase, hornblende, and bio- 
tite phenocrysts, subordi- 
nate microgranitic ground- 



Etna quartz monzonite porphyry. 



Quartz latite porphyry Numerous small phenocrysts 

in predominant ground- 
mass partly glass. 

MINERAL RELATIONSHIPS 

The similarity in mineral composition of the analyzed rocks 
is brought out in the following table: 

Uin^ral compo»ition of intnuive rocks of the Monarch dittrict 





1 


2 


3 


4 


S 


6 


7 


8 


Quarts 

Orthoclase and micro- 
cline 

Augite 

Hornblende 

Biotite 


13.7 

18.9 

39.8' 
6.0 
4.1 

15.0 
2.4 

little 


17.5 

28.6 
40.5' 
little 
6.9 
4.0 
2.2 
little 


22.9 

31.6 
36.1- 

6.5 
1.9 
.6 
little 
.3 
tittle 


18.8 

25.8 
42.5' 

2.9 

S.2 
1.2 
.6 


30.4 

33.9* 
31.6' 


13.0 

12.8* 
53.1' 


14.6 

31.1' 
42.7* 


21.8 

33.4 
30.4' 


2.9 

.2 
.8 


4.4 
10.7 
4.9 


1.9 
7.3 
.5 
1.0 


3,6 
8.0 


Titanite 


1.4 


Apatite 

Zircon 


little 
little 


little 
little 


little 
little 


little 
little 


.9 
little 


.3 

little 


.3 
little 



'Ab,.<n, to AbiAn, 

'AbiAn, 

»Ab,An, 

•Ab.An. to Ab,An, 

'Orthoclase molecule 

1. Quart! diorlte. 

2. Pomeroy quartz monionlle, 

3. Quart! inonEonlte gnelsa. 

4. Princeton quarts monzonite. 

5. Granite. 
G. AndFSIte. 

7. Quartz lotile porphyry, 

8. Etna quevtz monzonlle porpliyry. 



'Albite molecule 29.34, anortbite mole- 
cule 2.22 
'Abi.An, 
'Ab.AD, 
'Ab„An, 
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Excepting the granite, all are closely related, and diSer 
among themselves chiefly in the proportions of the essential 
components. The persistence of considerable quartz, orthoclase, 
and biotite throughout the series is noticeable. Hornblende and 
andesine are found in all except the granite, though hornblende 
is extremely rare in the gneiss. Titanite ia a very common acces- 
sory, and present in considerable quantity. It was not seen in 
the few andesite slides examined, but its possible presence is 
suggested by the considerable titania content shown by the 
analysis. Angite and allanite are the only primary minerals 
noted that are not present in most of the rocks. 

CHEMICAL RELATION SHIPS 

Although there was comparatively little differentiation in 
any one of the several bodies after it was intruded, there was 
much abyssal differentiation, that is, prior to the ascent of the 
magma. This resulted in splitting off such different magmas as 
those which formed the granite and quartz diorite, respectively. 
Since the Princeton quartz monzonite exceeds all the other intru- 
sions many times, in area! extent and evidently in volume, it is 
very probable that it fairly closely represents the parent magma. 
A mixture of the granite, Pomeroy quartz monzonite, quartz 
diorite, and andesite in the proportions in which these rocks occur 
in the region might differ slightly in chemical composition from 
the Princeton quartz monzonite. Yet they form but a very small 
fraction of the whole volume of the intrusive rocks. If these 
rocks alone had separated from the parent magma, they could 
not have materially affected the composition of the remainder, 
which may be considered as the approximate equivalent of the 
Princeton quartz monzonite. 

For comparison, the nine analyses of Monarch rocks recorded 
in the preceding chapter, with the molecular proportions of the 
essential oxides, are brought together in one table (p. 186), The 
general relationship of the several rocks ia better shown in the 
accompanying variation diagram (Fig. 5). The molecular propor- 
tions of silica are plotted as abscissas, the molecular proportions 
of the other oxides as ordinates. 
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1,' Quarti diorlte. lihothonnK. Lost Moud tain. 
S. Andealte. Slioihonote. Jennings Quich. 

3. Quarti dlorlte (monmnltlo). Shothanoii: Monarch. 

4, Pomeroy quarti monionlle. Amiatotf. Pride of the Weal tunnel, Ponicray 
Uountaln. 

G. Quart* latlte porphyry. Tatcaiiate. Mohammad tunnel. Middle Park. 

G. Etna quartz monionlte i>orphyry. Toicaaofe, Clover Mountain. 

T. Princeton quarti monionlte. Toiranote. Taylor Mountain. 

». Quartz monxonltc Bnelss. Tatcanoti.: Jennings Oulch. 

9. Granite. Uporose. Browns Gulch. 
10. Poruhyrlte. Yeilouittouoie. Storm Ridge. L. O. Eaklna, analyst. CroBi, 
Whitman, Fourteenth Ann. Rept. U. 9. Geol, Survey, pt, 2, 1893, p. 221: Waahlnf- 
ton. H. 9.. Prof. Paper U. B. Geol. Survey No. 14, 1903, p. Hi; Clarke, F. W., BuU. 
U. S. Geol. Survey No. H19, 1»10, p. 111. 

11. Dlorlte. Tonaloie. Brush Creek. L. G. EahlnH, analyst Cross, Whit- 
man, Bull. U. S. Geol. Survey No. IGO. 1838, p. 242; Wushlngton, H. S.. op. clt., p. 
231: Clarke, F. W., loc, clt. 

i:. Porphyrltle dlorlte. Idifuu-Jlonoie. Mount Marcellina. T. M. ChatarJ, 
analyst. Cross. Whitman. Fourteenth Ann. Repl. U. S. Geol. Survey, pt. i. 1B93, 
p. 237; WashlnKton. H. S.. op. clt., p. 188: Clarke, F. W.. loc. clt. 

13. Homblend e- mica porphy rite. AHamtUoie. CtlR Creek, W. F. Hlllebrand, 
analyst. Cross, Whitman. Fourteenth Ann. Rept. U. S. Geol, Survey, pt. 2, p, 22T; 
Washington, H. S., op. clt., p. 222; Clarke, F. W., loc. clt. 

14. (juarti porphyrlte. AmUttote. Mount Carbon. T. M. Chatard, analyst. 
Cross. Whitman, Fourteenth Ann. Rept. U. S. Geol. Survey. pL 2, p. 227; Wash- 
ington. H. S.. op. clt.. p, 182: Clarke, f! W.. loc. clt. 

16. Quarts porphyrlte. Laitrnoer. Created Butte. L, G. Eaklns. analyst. 
Cross. Whitman. Fourteenth Ann. Rept. U. S, Geol. Survey, pt. 2. p. 227; Wash- 
ington. H. 8.. op. clt.. p. 176; Clarke, F. W., loc. clt. 

IE. Rhyollte. Tnteanotc. Round Mountain. !>. G. Eaklns. analyst. Wash- 
ington. H. S., op. clt., p. 1S2: Clarke, F. W., loc. clt, 

17, Rhyollte. Alibni-hoie. Fast MounUln. L. G. Eaklns, analyst. Wash- 
ington, H. S., op. clt., p, 13«; Clarke, F, W,, loc. clt, 

18, Dlorlte porphyry, Anilaae. Wellington mine, Breokenridge district. 
W, T, Sohaller, analyst, Ransome. F, L,, Prof, Paper II, 8, Geol. Survey No, 76, 
1911, p. 62, 

19, Horn blende- mica porpbyrite, Jnrfo»fi, Buckskin Oulch. Leadvllle dis- 
trict, W, F, Hlllebrand, analyst. Cross, Whitman, Mon, U. 8, Geol. Survey, vol, 
12, 188G, p, 340; Washington. H. 8,, op, clt,, p, 276: Clarke, F. W.. op, clt,. p, 109: 
Bansome. F, L,, loc, clt. 

20, Dlorite porphyry. Aniluf. Wellington mine. Breckenrldge district, 
W. T. Schaller, analyst. Ransome, K. L.,, loc. clt, 

21. Dlorlte porphyry. McNulty type, Liisarnaw, Tenmlle district. L.. 0, 
Baklns, analyst. Washington, H. S.. op, clt.. p. 174; Clarke, F. W.. op. cit„ p. 110; 
Ransome, F, L... loc. clt. 

22. Quarti- hornblende- mica porphyrlte. VrIIoir*(t>nii(c. Gold Iflll. Tenmlle 
district, W. F. Hlllebrand. analyst. Cross. Whitman. Fourteenth Ann. Rept, 
U. S, Geol. Survey, pt, 2, 1893, p, 227; Washington, H. B.. op. clt,. p, 186; Clarke, 
F. W., op. clt.. p, 110; Ransome, F. 1.,, loo. clt, 

23. Quarti monionlte porphyry, Amlaiutr near Yrllniciitoiiotc. Mount Guyot, 
Breokenridge district, R, C, Wells, analyst. Rnnsome, F. L... loc. clt, 

24, Blotlte porphyrite. T'lnalotr. North Mosquito Amphitheater, Leadvllle 
district, W. F, Hlllebrand. analyst. Cross, Whitman. Mon, ir. S. Geol, Survey, 
vol. 12, 1886. p, 340; Washington, H. 8,, op, clt,, p. 232; Clarke. F, W.. op. clt, 
p. 109: Ransome, F. L,, loc, clt, 

26, Granite porphyry, Tox-aniiac. Jefferson tunnel. Tenmlle district, W. F, 
Hlllebrand. analyst, Washington. H, 8,, op. clt,, p. 162; Clarke, F, W,, op. clt., 
p. 110: Ranwime, F. L., loc. clt. 

25. Lincoln porphyry. I.aKuraon. Mount Lincoln. Leadvllle district, W. F, 
Hlllebrand. nnnlyst. Cross. Whitman, Mon. U. S, Geol. Survey, vol, 12. 1886, p. 
332; Washington. H, 8,, op, clt.. p, 174; Clarke. F. W., op, clt,, p, 108: Ransome. 
P. L,, loc. oil, 

27, Dlorlte porphyry, YcUatretnnotr. Copper Mountain, Tenmlle district. 
L, G, Eaklns. analyst, Washington. H, 8,, op, clt,. p, 186; Clarke, F. W,. op. clt,, 
p, 110; Ransome, F. L,. loc. clt, 

28, Quarts porphyrlte, T'oeanoac. Sugarloaf. Tenmlle district L. G, Eaklns. 
analyst Cross, Whitman. Fourteenth Ann, Rept U. S. Geol, Survey, pt 2, p, 227; 
Washington, H. S., op. clt,, p. 162; Clarke, F, W„ op, clt,, p, 110; Ransome. F. L., 

>Noa. 1 to 9 are analyses o( rocks of the Monarch district, by R, M, Butters, 
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29. Quarti monzonlte porphyry. Amlaloie near Toicanote. Brewery Hill. 
Breckenrldge district. R. C. Wells, analyst. Haniome. F. L., loc. clt. 

SO. GrB.y porphyry. Yelloailonote. Johnson Gulch, LeadvUle district. W. F. 
Htllebrand. analyst. Cross, Whitman, Mon. U. S. Geol, Survey, vol. 12, ISSS. p. 
SISi Washington. H. S., op. cit.. p. 1T6: Clarke, F. W,, op, clt,. p. 103: Ransoine, 
P. I,., loc. clt. 

31. Quarti moiiHinlte porphyry. T'DaconoaE. Broffoa Gulch, Breckenrldge 
district. R. C. Wells, analyst. Hansome, F. L,., loc. clt. 

12. Quarti porphyrlte. Lamenote, Cbicago Mountain, Ten mile district. 
W, F. Hlllebrand, analyst. Cross, Whitman, Fourteenth Ann. Kept U. 8. Qeol. 
Survey, pt. 2, p. 227; Washington, H. S., op. clt., p. 176; Clarke, F. W., op. clt., 
p. 110; RoDSORie, F. L.., loc. clt, 

SS. Granite porphyry, TotcanoK. McNulty Gulch, Tenmtle district. W. F, 
Hlllebrand, analyst. Washington, H. B,, op, clL, p. 16S; Clarke, F. W., op. clt., 
p. 110; Ranaome. F. L., loc. clt. 

M, White porphyry (not fresh). RIocrdm. California aulch, LeadVlUe dis- 
trict, W. F, Hlllebrand, analyst. Cross, whitman, Mon. U. 8, Geol, Survey, vol. 
12. 188G, p. 3ZS; Washington, H. S., op. clt., p. 138: Clarke. F. W., op. clt., p, lOS; 
Ransome, F. L.., loc. clt. 

35. Mount Zlon porphyry. Voscanoie. Prospect Mountain, LeadvlUe district 
L. G, Baklns, analyst. Cross. Whitman, Mon, U. 8. Qeol, Survey, vol. 12, 1886, 
p. S2G; WaBhlngtoQ, H. S., op. cit., p. 162; Clarke, F. W., op. clt., p. lOSl Ransome, 
P. L... loo, cU, 

86. Nevadlte. lAparoie. Chalk Mountain, Leadville district W. F. Hllle- 
brand, analyst. Cross, Whitman. Mod. U. B. Geol. Survey, vol. 11. p. 849; Bull. 
U. 8, Geol. Survey, No. 160, 1898, p. 16*; Washington, H. 8., op. clt, p. 1*8; 
Clarke, F. W„ op. clt,, p. 109, 

Of the nine types analyzed, five have esBentially the chemical 
composition of medium-acid to acid quartz monzonite (Brogger'a 
banatite and adamellite). These differ chiefly in the proportion 
of silica, alnmina, and lime. Three of the five — the quartz mon- 
zonite, quartz monzonite gneiss, and Etna porphyry — differ but 
little throughout. The quartz diorite is also chemically monzo- 
nitic, but the considerable development of biotite, owing probably 
to the high content of alumina and ferrous oxide, materially 
reduced the potash available for the formation of orthoclase, and 
the high alumina and lime resulted in the development of much 
of the anortbite molecule. The rock, therefore, contains too much 
lime-soda feldspar in proportion to orthoclase to be classed with 
the monzonites. 

Although there are no very basic rocks in the region the 
silica range between the quartz diorite and granite is rather wide. 
The diagram shows the general, though not iiniform, decrease in 
alumina, lime, magnesia, and ferrous iron, with increasing silica. 
The total alkalis are fairly high and, in general, increase slightly 
with increasing silica. Soda and potash are commonly nearlyi 
equal in amount. 

Considered in phascK, there is a more uniform variation in 
chemical composition from the less acid to the more acid rocks. 
This progressive change is brought out in figures € and 7. The 
composition of the Fomeroy quartz monzonite causes considerable 
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irregularity in the curves. The gneiss, wliicli is older than the 
Princeton quartz nioDzonite, contains a little more silica than 
the analyzed specimen from Taylor Mountain, which is probably 
somewliat lower id silica than the quartz monzonite a few milen 
farther north. 

The phase of minor intrusions shows a much more uniform 
progressive variation in all the oxides than does the plutonic 
phase (fig. 7). The diagram lacks a member, however, corre- 
sponding to the granite of the plutonic phase. An analysis of 
one of the rhyolites would perhaps not differ greatly from that 
of the granite, but the volume of the rhyolites is small, and their 
exact position in the chronological series is not known. Even 
with this exception, the two diagrams not only show the general 
increase in silica content of the rocks during each phase, but also 
a marked stability of the average magma during the two phases 
which doubtless extended through a considerable period. 

Although no analyses of the dike-rocks have been made, 
microscopic study shows that they must have nearly the same 
chemical range as the plutonic rocks. The order of intrusion of 
the dikes is not known. Marked diaachistic or complementary 
dikes, are not noticeably present in the region. 

COMPARISON WITH OTHER COLORADO ROCKS 

A nuQiber of the supposed Tertiary igneous rocks of the Elk ■ 
and West Elk mountains and the f..eadville, Tenmile, and Breck- 
enridge districts of central Colorado have been analyzed by the 
United States Geological Survey, Eighteen analyses of porphy- 
ries of the Leadville, Tenmile, and Breckenridge districts, which 
are in one general region, have been brought together In a table 
and diagram by Bansonie,' who points out their close relationship. 

The present writer has added the analysis of the Chalk 
Mountain uevadilc to Bansome's diagram, and combined this 
modified diagram (1836) and one showing the variation in the 
rocks of the Elk and West Elk mountains (10-17) with the varia- 
tion diagram of the Monarch rocks (PI. XVIII). 

These three groups of rocks are not far removed from one 
another in space, and very probably all belong to the same general 
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period of vulcanism. Though there are a Dumber of minor differ- 
ences the general eimilarity of the three groups is obvious. The 
three diagrams are condensed in ligure 8, which shows that, in 
general, the differences between rocks of the different regions are 
not greater than those t>etweeD rocks of the same region. Both 
chemically and minera logically, the resemblances among the three 
groups are as close as are ordinarily found among the various 
types of a petrographic province. 

The predominance of types having the chemical composition 
of quartz monzonite is evident. The quantitative relation of each 
^pe to the whole ia unknown, but there is little doubt that the 
Princeton quartz monzonite greatly exceeds any other in quantity 
and may possibly equal all the others combined. 

The textural diffei-ences are greater than the chemical and 
mineral differences. While the rocks of the Monarch region 
probably pr^ent far the greatest variety in texture, they have 
some textural features in common with the rocks of the Elk and 
West Elk mountains, and others in common with the rocks of 
the Leadville-Tenmile-Brecken ridge region. Certain porphyritic 
textures are common to the three groups. 



.dr,yGoogIe 



OEAPTES X 
ECONOMIC GEOLOGY OP THE MONARCH DISTRICT 

HisTOBY OP unriNa 

In 1878 ore was discovered on the Great Monlirch claim bj-th» 
Boone brothers. This was followed in 1878 or 1879 by discoveries 
of ore, by the four Boones, on the Fairplay, Pay Master, Ben Bolt, 
and Eclipse. N. C. Creede (?) located the Oshkosh in 1878 or 
1879. At abont the same time Smith and Gray discovered ore in 
the Madonna and Silent Friend. Early in 1879 Daily found ore at 
Cree Camp on the Song Bird claim, which he afterward sold to 
Alex Cree. The Mountain Chief, Missouri Boy, Elagle Bird, and 
others in Taylor Gulch, were soon located. 

About 1878 a company was oi^nized to prospect Pomeroy 
Mountain. A lai^ force was set at work driving the Pride of the 
West tunnel at the head of North Fortt. The equipment was the best 
that could be bad at that time, and no expense was spared to make 
the sarronndings attractive to tbe workmen. The work of the com- 
pany stimulated prospecting throughout tbe North Fork valley and 
Shavano soon became a flourishing settlement. In 1881 the rail- 
road was built to Maysville which became a probperous town, the 
site of two small smelters, and the supply point for the North Fork 
country as well as the South Fork, Middle Fork, and Taylor Gulch 
areas. The double-track Pride of the West tunnel was driven into 
Pomeroy Mmintain nearly 1,300 feet. Having found no ore of 
flhipping grade the company suddenly suspended work, and the 
North Fork valley was soon practically deserted, 

Meanwhile prospecting continued in the vicinity of Mon- 
arch, and several properties early began to produce ore. Tbe first 
ore shipped from this part of the district came from the Great Mon- 
arch mine and was hauled' by wagon to Canon City. It carried 
abont 200 -ounces sliver per ton. A bmall amount of ore from other 
mines was freighted by wagon to Canon City before the railroad 
was boilt to Maysville. The ore from most of the mines was of too 
low grade to ship after hauling by wagon even to Maysville. The 
owners of the Madonna, to whom the discoverers sold that claim. 
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built a smalt bmelter at the foot of tbe hill to treat the Madoona 
ores, but this was not a success. Id 1883, A. Eilers saw the pos- 
sibilities of the Madonna mine, secured the extension of the rail- 
road from Ma^'Eville to Monarch — a distance of nine railed^— and 
organized the Colorado Smelting Company, which took over the 
Madonna mine and erected the Colorado smelter at Pueblo. Bince 
an abundance of basic ore was supplied by the Madonna for fluxing 
siliceous ores purchased from other Colorado districts, this enter- 
prise was a success from the first. 

For about ten years, beginning with 1883, the production of 
the district was large. In 1893 Monarch shared tbe common ex- 
perience of Colorado silver-producing camps, and for some time 
the f'lstrict was nearly deserted. Within the past few years, how- 
ever, with a home market for zinc and an increasing demand for 
basic fluxing ores, there has been a revival of interest in the dis- 
trict The year 1910 was the best year in the history of the district 
since the eighties. Like many other mining camps of the West in 
1911 the district was qniet ; this was in lat^e measure owing to the 
inabitit;y of the Monarch-Madonna Mining Company to handle the 
water in the winze below No. 6 level of the Madonna mine, with 
the available equipment. In 1912 development work progressed 
vigorously ; good ore was opened up in the Garfield mine, several 
carloads of good ore were shipped from a recently -discovered body 
in the New York mine, payable ore was uncovered in the Eclipse 
mine, and a body of high-grade ore was partly blocked out on the 
lowest levels of the Madonna mine when an accident to the pnmp 
. caused a temporary suspension of work. 

That the production of the region has not been greater is due 
in part to the methods of a number of mine ownerh' who have been 
watisfled to ju'iiuire modest fortunes with the least possible risk. 
Very little development work was carried on in the early days in 
some of the good mines while ore was being taken out. and they 
were cloccd nhfn the' known ore bodies began to fail. To the 
credit of the district it should be stated that there has been a min- 
innuii of exi)enaivp litigation among the mine owners. Probably 
not more than two mines have ever been shut down pending court 
decisions. 

FBODTTCTIOH 

Since there have been so many estimates, guesses, and exagger- 
ated statements as to the output of the district a special effort has 
I>een made by the Survey to secure data which would be reason- 
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ably accurate. Many of the mine owners have cooperated, and 
the resalt is fairly satisfactory. The tonnage and value, by years, 
have been obtained for the Eclipse, Fairplay, Lilly, and Madonna 
mines, but in most instances' only the total production could be 
learned. Conservative estimates have been accepted for a few 
mines of which the exact output was not known. 

The district has produced ore having a grosb' value of probably 
not less than 19,000,000, and possibly |10,OOO,00O. Of thib amount 
the Madonna mine baa produced nearly (5,000,000. The produc- 
tion of several others is mentioned in the description of the mines. 
WATEB SUPPLY AND TIMBBB 

Precipitation during the winter is heavy, and the snow that 
accumulates on the highest slopes may remain until nearly the 
end of tinmmer. The melting enow and frequent showers furnish 
abundant water within the district for every purpose during the 
summer. In the winter the streams are continually fed by nu- 
merous springs. 

Formerly pine, spruce, and fir covered most of the slopes be- 
low timber line, but much of the timber is now removed. Although 
a few restricted areas are still densely forested, the renewal of a 
demand, snch as existed in the eighties, would soon exhaust the 
supply in the immediate vicinity of the mines. Even now a large 
part of the timber used comes from near Leadville. 
OEOUiro WATER 

Owing probably to the high relief of the r^on and the broken 
and readily soluble character of the rocks, the level of the ground 
water in the sedimentary area is low. It has probably not yet been 
reached by any mine in the district excepting possibly the Colum- 
bus, Fairplay, and Madonna mines. During the long winters when 
the ground is frozen and precipitation takes the form of snow the 
mines are comparatively free from water. Even the winze below 
No. 6 level of the Madonna mine was sunk 155 feet in dry ground 
though it perhaps reaches a depth of 50 feet or more below the 
level of the creek which is le&s than half a mile away. The bottom 
of the winze is about 800 feet vertically below the surface. The 
Eclipse mine on the slope of Monarch Hill has reached a vertical 
depth of 800 feet in dry ground, below the surface. Near the head 
of Taylor Gulch, the bottom of a winze sunk 200 feet or more below 
the tunnel level of the Lilly mine is about 800 feet below the sur- 
face and the same depth below the level of the creek at Cree Camp 
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about l,6(t0 feet distant; ;et there has nm-er been a pomp in this 
mine and the winze has been nearly free from water even during 
the rainy seasons. In the aedimentarv area of the district, there- 
fore, it is safe to say that the level of ground water is generally at 
least 800 feet below the surface. Near the pennaoent streams it is, 
of course, probably near the surface. 

No information concerning the depth of the level of ground 
water in the igneous and regionally-metamorphosed rocks ia avail- 
able. During the summer, water flows continnously from the Co- 
lumbus tunnel in a flssnre vein which ia in the Princeton quartz 
monzonite, on the south slope of Taylor Mountain. But in view 
of the summer rains and the great volume of melting snow this 
fact probably has no significance. 

During the seasons of rain and of melting snow, ground water 
is presimt at almost any level of most of the mines. In places the 
volume is considerable though generally not enough to materially 
increase the cost of mining. Though the ground water increaaes 
the weight of most of the ore, the slight disadvantage of a high 
moisture content is perhaps many times compensated by the 
lengthened life of mine timbers in wet mine worliingB. The only 
place where the water has seriously interfered with mining is be- 
low No. 6 level of the Madonna mine. Manager Burton estimates 
that with pump and bucket water was raised from this winze at 
the rate of at least 175 gallons a minute during the first part of 
the summer of 1912. 

THE OBE DEPOSITS 
SURFACE INDICATIONS OP ORE BODIES 

The first ore that was discovered in the district — that on the 
Great Monarch claim — outcropped between black dolomite walls 
in the cliff about a quarter of a mile east of Monarch. Here rich 
silver ore was in contact with dark gray to black smithsonite. On 
the Madonna, Eclipse, Lilly, Last Chance, and Exchequer claims 
much limonite (gossan) may be seen at the surface. Limonite in 
smaller quantity ih found at the surface on a few other claims. 
Manganese dioxide is at or near the surface on a few claims that 
have produced ore. Copper slightly stains the rocks along the 
limestone-granite contact on the southwest slope of Missouri Hill 
above the ore bodies of the Clinton mine. 

Some of the fl&sure veins of the unglaciated areas show only 
as outcrop of barren quartz ; others carry considerable limonite. 
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finlphide mineralB with quartz are exposed in a few of the flaeiire 
reins in the glaciated areas. 

CHARACTER OF THE ORES 

Most of the known ore of. the Monarch district is basic ore, 
and nearly all that is now being mined is shipped, without treat- 
ment, directly to the smelters. A little silica from altered chert 
is present in the replacement d^Kwits in limestone, and the border 
of ore shoots in immediate contact with granite as, for example, 
that on the No. 6 level of the Madonna mine, is likely to mn high 
in silica. Quartz is fonnd with but few important ore bodies ex- 
cept those in fissure veins. Silicates have been found in a few con- 
tact deposits. Aside from the lime which materially increases the 
basicity of some of the ores, there is generally more than enough 
iron to satisfy the silica present. The "excess iron" commands a 
price dependent on the demand for basic ores. By excess iron is 
meant the quanti^ present after deducting suflkient, as deter- 
mined by assays, to satisfy the silica content. Manganese in oxide 
form in the Mason, Clinton, and Rainbow-Eagle Bird mines in- 
creases the value of the ore by lessening- the treatment charges. 

Hitherto the greater part of the product of the district has 
been oxidised ore, chiefly silver-bearing lead carbonate, in which 
bunches of sulphide have been found at any depth. 

Monarch Hill producer mainly ores of lead, silver, gold, and 
sine, with some copper in the Madonna and Eclipse mines. The 
otex of Taylor Oulcb are of copper, silver, gold, lead, and zinc. Co- 
lumbus Gulch has produced sdlver, gold, copper, and lead. The 
Middle Fork ores are chiefly of silver, gold, and lead. ~ The mines 
and prospects of North Foi^ have produced chiefly silrer and lead. 
Molybdenum is present in Browns Qnlch. 

During the period of greatest activity in this district there 
were no zinc smelters in Colorado, and much zinc ore was left in 
the mines. Part of this is now being taken out. The silver of 
much of the silver-zinc and silver-lead-zinc ores was recovered by 
mixing these ores with ores of lead and of silver and lead and at 
the same time keeping the zinc content below the limit fixed by the 
smelters. 

TBNOB OF THS 0BE8 

Since so few records of tonnage and values have been kept 
it is impossible to determine the exact average value of the ores. 
An estimate of the average value based m data in hand from a 
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Dumber of mines vould be abont fZO to $-5 per ton for the ores 
of Monarch Hill and considerably higher for those of Taylor Gulch. 
The comparatively small toDDage from near the bead of Middle 
Fork mubt have averaged considerably higher in value than the 
ores of Monarch Bill or it coold not have been profitably mined. 
The ore in the present workings of the mines of North Fork could 
not be profitably mined without concentrating. The report of thi? 
Director of the Mint, for 1882, states that the Columbus ore would" 
average f40 per ton, while a considerable amount mined in 1880, 
carried 1,200 onnces silver. The Madonna ores have averaged 
about |24 per ton. The copper ores of the Lilly mine average about 
10 per cent copper. Basic ore worth |7.00 a ton net — that is, 
above freight and treatment cbargefi — can be mined at a profit un- 
der present conditions. 

The range in value is very great — about 15.00 to $5,000.00 per 
ton. A few carloads shipped from the district have returned 
about fl.OO a ton after paying freight and treatment charges. 
On the other hand, a carload from the Fairplay mine carried 
130.75 ounces silver per ton, 39.95 per cent zinc, and 10,05 per 
cent lead. The best carload from the Little Charm mine re- 
turned from the smelter .48 ounces gold and 226.2 ounces silver 
per ton, and 24,6 per cent lead. A sample from the Rainbow- 
Eagle Bird mine assayed .20 ounces gold and 3,180 ounces silver 
per ton. A, sample from a streak one to six inches wide on the 
lowest level M the Madonna mine, assayed for the Survey by 
H. F. Watts, of Boulder, carried 65.10 ounces gold and 5,974.9 
ounces silver per ton and 24.3 per cent lead. 

The moisture content mnges from 5 to 20 per cent. The greater 
part of the ores carries between 10 and 14 per cent moisture. 

MINERALOGY OF THE ORES 

In describing the minerals it is intended to mention only those 
characters which the minerals of the district possess. Some of the 
metallic minerals listed here are not found in thtt; region in sufB- 
cient quantity to he considered ores, as, for example, wulfenite and 
molybdic ocber. The iron and manganese minerals are included 
in the list because, by virtue of their fluxing properties, they add 
to the value of the ores. For the convenience of miners and pros- 
pectors who may not have at hand a text-book of mineralogy the 
percentage of the principal metal of each mineral is given. The 
minerals are arranged alphabetically under the name of the char- 
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anteristic metal of eacb group. Of the metallic niinerak' obaerved, 
eeveral are primary — that is, were deposited originally in the con- 
dition in which they are now found. These are : hematite, magne- 
tite, pyrite, pyrrhotite, galena, molybdenite, and sphalerite- Sec- 
ondary minerals — those derived from others — are more numerous 
in the district. Those which are secondary in the occurrences noted 
are: azurite, chalcocite, chrysocolla, native copper, cuprite, mala- 
chite, tenorite, limonitc, turgite, anglesite, ceruB&ite, wulfenite, 
psilomelane, pyrolusite, molybdite, argentite, cerargyrite, native 
silver, calamine, and smithsouite. It is not known whether the 
bomite and chalcopyrite observed in small quantity are primary 
or secondary. 

COPPEB 

Azurite, basic cupric carbonate, 2CnCO,.Ca(0H), — copper 
553 per cent. This mineral occurs a^ a blue coating on surfaces 
of jointed limestone, and it is also disseminated in the mineralized 
limestone near the copper-ore bodies. It is also present in massive 
form associated with malachite. It is qnite common in the Lilly 
and Major mines. 

Bomite, copper-iron salphide, CnjFeSj— copper 55.5 per cent. 
Bomite occurs in small quantity in pegmatitic quartz on the High- 
land claim Bouib of the South Arkansas. 

Chalcocite, cuprous sulphide, Cu,8 — copper 79.8 per cent. 
Good chalcocite was Been by the writer only in the Hercules tunnel 
where it fills a narrow fissure in the quartz monzonite. It is 
nearly black, and friable. 

Chalcopyrite, copper-iron sulphide, CuFeS, — copper 34.5 per 
cent. This mineral occurs in the lower workings of the Lilly and 
probably in the Columbus. It is brass-j'ellow and massive, 

Chrysocolla, copper silicate with water, CuSiOj.2H,0 — copper 
36.1 per cent. This is found as a sky-blue mineral coating the walls 
of small cavities in the Lilly mine and filling narrow fissures in 
other copper ores. 

Copper, native, Cu. Native copper was found near the surface 
in the Lilly mine and has alw been reported from the Columbus 
mine. 

Copper-bearing pyrite, sulphide of iron with a variable 
amount of copper, FeSj. It is found in the Lilly mine in 
bunches surrounded by oxide of iron derived from it. It is also 
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found in several pnwpecte. It is massive and braBB-yellow ; some- 
times it sliowti purple tarnish. 

Cuprite, caprona oxide, CUjO — copper 88.8 per cent. This is 
present in tlie Lilly mine both as a soft red mineral intimately as 
fociated with iron oxide, and as purer, harder, crystallised mineral. 

Malachite, basic cupric cartmnate, CuCOj.Cu(OH)j — copper 
57.54 per cent. This green carbonate is present in nearly all the 
mines which have produced copper, particularly the Lilly and 
the Madonna. It is found in considerable quantity associated 
with other oxidized copper minerals and disseminated through 
the limestone, as a replacement^ in sufficient quantity to make 
payable ore. In the mineralised portions of the gneiss, peg- 
matite, and basic syenite dikes it is not uncommon as a stain. 

Tenorite, cupric oxide, CuO— copper 79.8 per cent. The hard 
InKtroQS black oxide of copper has been found in the Uajor and the 
New York mines. It is associated with the carbonates and con- 
taioa considerable iron. The earthy form, melaconite, occurs 
with copper carbonates in the Lilly and the Uajor mines. 



Native gold has been reported from the Rainbow-Eagle Bird 
mine. It is probable that it also occnr&' in most of the oxidized 
ores that carry gold, but the mineral has not been detected. Bome 
of the Madonna ores are said to hare contained specks of a white 
mineral, and ttom samples containing this mineral several assayers 
have reported tellurium. One determination gave three per cent 
tellurium. It is therefore probable that telluride exists in some 
of the ores. The writer, however, has been unable to find tellurium 
in the high-grade oxidized ore from the lower levels of the Ma- 
donna mine. 



Hematite, ferric oxide, FOjO, — iron 70 per cent. Hematite was 
not seen associated with the ores, but much black specular hema- 
tite is present on a dump a few yards south of the Ingersoll shaft. 
A lai^ part of the mineral is practically pure. Specular hematite 
was alttj found on a dump on or near the Pay Master claim ou 
Monarch Hill. 

Limonite, ferric oxide with water, 2Fe,0,.3HiO — iron 59.8 per 
cent. Brown Umonite and, to a less extent, the yellow ocherous 
variety occur in nearly every ore-body dis(«overed. Much of it car- 
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ries a small quantity of silver. Veij lai^ bodies of limonite are 
present in the Madonna mine. 

Maffnetite, a componnci of ferrous oxide and ferric oxide, 
FeO.Fe,0, — iron 72.4 per cent. This mineral was not seen by 
the writer in any of the ore deposits, but it is said to have been 
associated with the Mountain Chief ores. It may be seen sooth 
of the Mountain Chief tunnel on the Clinton mine dumps, on the 
southeast slope of Taylor Mountain, and as a vein two or three 
feet wide just east of Boss Lake. 

Pyrite, iron disulphide FeSi — iron 46.6 per cent. Both ns 
crystals and in the massive form pyrite in found in the Lilly and 
Oarfleld, in smaller quantity in the Madonna, and perhaps in other 
mines in the sedimentary rocks. Its rarity on Monarch Hill is ex- 
plained by the fact that nearly all the ore mined comes from the 
zone where the pyrite has been oxidized to limonite. In the fissure 
veins it is a very common mineral. 

Pyrrhotite, iron sulphide, chiefly Fe,,S,j — iron about tiO per 
cent. This bronze-yellow to brown mineral, in massive form, is as- 
sociated with galena, blende, and pyrite in the Qarfleld mine. E&et 
of Boss Lake it is associated with Buorite and coarse calcite in 
baked shale. 

Turgite, hydrous ferric oxide, 2Fe,0j.H,0 — iron 665 per cent. 
Bed, earthy turgite occurs with limonite in the Madonna mine be- . 
low No. 5 level. 

LEAD 

Anglesite, lead biilphate, PbSOj — lead 68.3 per cent. In the 
summer of 1909, Mr. Thomas Penrose found in the Little Wonder 
mine a small group of anglesite crystals near the center of a mass 
of galena weighing several hundred pounds. These crystals had a 
dull surface, owing perhaps to the formation of carbonate, but 
within, the mineral was pure, water clear anglesite. The lai^est 
crystal was nearly two inches long. 

Cerussite, lead carbonate, PbCOj — lead 77.5 per cent. This 
mineral, in the form of soft carbonate with an admixture of limon- 
ite and carrying silver, has been produced in far greater quantity 
than any other mineral in the district. Hard carbonate occurs in 
only a few of the ore bodies. Crystallized cemssite has been found 
in the Mason and the Lilly mineb*, in the lower workings of the 
Madonna, and as a coating on galena in several mines. 
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Gahtia, lead Bulphide, PbS — lead 86.6 per cent. Coarsely crys- 
tallized galena is present in practicallj all the mines tbat have pro- 
duced lead. 

Wulfenite, lead molybdate, PbMoOj — lead 56.4 per cent. This 
mineral was not seen in any of the mines, but a specimen found on 
the Hawkeye dump contained many yellow tabular crystals of 
wulfenite coating galena. 

MANGANESB 

PaihmeUtne, perhaps H,MnOj — manganese nearly 40 per cent. 
Psilomelane occurs as a black, hard, massive mineral in the Mason, 
Rainbow-Eagle Bird, and possibly other mines. 

Pyrolusite, manganese dioxide, MnO, — manganese about 7!) 
per cent. Pyrolusite, in earthy form, is found with psilomelane 
in {he Bainbow-Eagle Bird mine and possibly without p»lomelan'> 
in the Delaware mine. 

MOLXBDENUU 

Idolybdenite, molybdenum disulphide, MoSj— molybdenum 
60.0 per cent. This mineral is found north of Browns Creek just 
without the area mapped and it has also been reported from Hoff- 
man Park. Near Browns Creek the molybdenite occurs in small 
tabular crj'stals associated with quartz, white mica, pyrite. and 
molybdite in a vein in the Pomei-oy quartz monzonite. 

Molyhdite, or molyhdic ocker, Fe,(UoO(t,-7y2H,0' — molybde 
num 39.G per cent. This mineral is found as an oxidation product 
of the molybdenite (and probably pyrite) of Browns Creek where 
it forms a yellow powdery material on both the surface vein min- 
erals and the wall rock. The microscope shows the molybdite to 
be made up of fibrous crystals. 

Wulfenite. This mineral was included with the lead minerals. 

SILVER 

The rich silver ore of most of the mines was; produced many 
years ago, and good specimens are now scarce. Recently, however, 
specimens of high-grade ore from the Madonna and Moose mines 
have afforded determinable silver minerals. 

Argentite, silver sulphide, AgjS — silver 87.1 per cent. A smjill 
specimen of practically pure, well-crj'stallized argentite from the 

'See Schaller, W, T., The chemical composltloo of molybdlo octaer: Am. Jtnir. 
Sci. 4th lerieB. vol. 23, 190T, pp. 297-303; Bull. U- S. Geol. Survey No. 190, 1911. 
pp. 84-»3. 



.dr,yGoogIe 



MONABCH OBG DEPOSITS 205 

Moose mine was recently seen by the writer. The Columbus and 
Rainbow-Eagle Bird mines are reported to have produced argen- 
tite. The high grade ore from the lowest level of the Madonna mine 
contains much argentite in grains which can be seen under a strong 
lens. 

CerargyHte, or horn silver, silver chloride, AgCl— silver 75,3 
per cent. Silver chloride having a copper stain has been reported 
from the Little Charm and the Mountain Chief mines. The high- 
grade ore from the lowest level of the Madonna contains abundant 
silver chloride which is determinable only by its solubility in am- 
monia. The ore, which is earthy, does not show the mineral when 
examined under a lens. 

Silver, native, Ag. Native silver was seen in a specimen from 
the Moose mine. It probably occurred also in the oxidized silver- 
lead ores that have been produced by all the larger mines of the 
district. 

Stephanite, silver sulphantimonite, AgjSbS, — silver 68.5 per 
cent. Btephanite is said to have been found in the Little Charm 
mine. 

ZINC 

Calamine, hydrous zinc silicate, HjZn,SiO, — zinc 54.2 per 
cent. Calamine in small tabular crystals occurs in narrow veins 
in the smithsonite. A part of the massive zinc mineral with which 
the crystals are associated may also be calamine. 

Qaknite, op zinc spinel, zinc aluminate, Zn Al,Oj — zinc 3a.&pep 
cent. Dark green zinc spinel is found in small quantity in the Bon 
Ton vein, and in less quantity as a constituent of the garnetif- 
erous schist nearby. In the vein, it is associated with quartz, 
feldspar, chalcopyrite, zinc blende, and galena. The spinel 
forms half, or more, of the volume of some specimens, but is com- 
monly less abundant. It occurs in grains and rhombic dodeca- 
hedrons, which have a maximum diameter of about one-fourth 
inch. The dodecahedrons are rare. Chemical tests of the gahnitc 
show the presence of magnesium and iron. 

Smithsonite, zinc carbonate, ZnCO, — zinc 52.2 per cent. This 
is the most common zinc mineral which the district is now produc- 
ing. It occurs as a hard massive, dark gray mineral, as a softer 
yellowish to brownish mineral, and as small crystals in vugs and 
narrow veins. 
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Sphalerite, or sine blende, zinc sulphide, ZnS— zinc 67 ptr 
cent. Cr^'Btals of sphalerite with galena and quartz occur in tlie 
Columbus vein. The masbive iiiineral is found associated with ga 
lena, pyrite, and pyrrhotite in the Gai-field mine, and with diopside 
aud garnet in the New York mine. 

NON-UETALLIC GA.NOUE MINERALS 

Andradite, calcium-irou silicate, 3CaO.FejO,.3SiOj. This gur- 
net has been found associated with the ores of the Clinton and 
New York mines. 

Calcite, "spar," calcium carbonate, CaCO,. Coarsely crys 
tallized calcite is common at the border of ore bodies, and is con- 
sidered a farorabte indication when enconntered in prospecting. 
It ia in some cases slightly mineralized, carrying small amounts 
of galena, pyrite, or silver mineral. Calcite is also present in 
considerable amount in many of the prospects in which no ore 
has been found. 

Chlorite, chiefly a hydrons silicate of aluminum, ferrous iron, 
and magnesiamu A pale green chloritic mineral is found in very 
small quantity in narrow vein-like streaks in some of the snlphidtt 
ores of the Qarfleld mine. 

Diopside, silicate of calcium and magnesium, CaO.MgO.SSiO,. 
I'ale green 'diopside is associated with zinc blende in the New York 
mine. 

Dolomite, carbonate of calcium and magnesium, (CaMg)CO,. 
Brown, coarsely crystallized dolomite is associated with the ore of 
the Baiubow-Eagle Bird mine. A black to bluish-gray variety of 
the same mineral forms the walls of a few ore bodies on Mon- 
arch Hill. 

Quartz, silica, giO^. Quartz in large amount is associated 
with the ores in the fissure veins, pegmatite, gneiss, and schist. It 
has also been found recently on the border of a streak of high-grade 
ore in the deepest workings of the Madonna mine. In the form of 
quartziteit forms the walla, in part, of a few replacement ore 
bodies. 

Tremolite, a silicate of calcium and magnesium, Ca0.3MgO.- 
IgiO^. Tremolite is found in considerable quantity with pocketa 
of galena south of Greens Gulch. 
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TERMS USED TO DESCRIBE ORE eHOOTS 
Although ore is fouad in buDchen or pockets in a number of 
mines, the typical occurrence of the large&t bodies is in shoots 
which dip at a fairly auiform angle toward the north and north- 
west- 

The terms used in the descriptions of these shoots will be those ' 
employed by Lindgren and Bansome in their descriptions of the 
Cripple Creek ore 



shoots', with but one 
change. The terms 
width, thickness, 
Btope length, pitch 
length, and jiitch 
will be used, "The 
stope length is the 
distance aloof; the 
drifts over which 
payable ore extends; 
the pitch length, or 
axial length, as it 
might also be termed, 
is the distance be- 
tween the two ex- 
treme ends of the 
shoot; the pitch' is 
the angle which the 
pitch length makes 
with the horizontal." Width will be understood as the horizontal 
distance from wall to wall at right angles to the pitch length 
just as it is used by the authors quoted. The distance acioss the 
shoot at right angles to the pitch length and width will be called 
the thickness. In the FJIIy mine and in a few other instances the 
width is less than the thickness, but ordinarily the width is the 
greater; in some cases the two are equal. In many mines the 
stope length is identical with the width. Figure 9 will make clear 
the relations of the terms used. 

CLASSES OP ORE DEPOSITS 
With the possible exception of part of the relatively nnimpor- 
tant deposits in pegmatite and gueisa or schist, all the known ores 
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of the Monarch district are epigenefic — that is, of later age than 
the incloBing rock. The ores that have come under observation 
in tlie Monarch district may be grouped as follows: 

1. Replacement deposits in limestone and dolomite. 

2. Filling of fault flEsures in the limestone and "parting 
(juartzite" with lunch replacement of the wall nx-k, 

.1. Fissure veins in igneous rocks with little or no replace- 
ment of tlie wall rock. 

4. Contact deposits. 

(a) At or near eruptive contacts with do appreciable 
metanmrphism. 

(b) Con tact -met amorphic deposits. 

5. Ores in pegmatite, gneiss, and schist. 

There are several interrelations and intergradationt among 
the classes mentioned. No. 1 differs from No. 2 chiefly in that 
the ores of the former are probably not associated with pre-miU' 
eralization open fissures, though there may have been local 
faulting in some instances. Nos. 2 and 3 differ essentially in 
the origin of the fissures filled as well as in the absence of 
appreciable replacement of the wail rock of the Assure veins. 
The contact-raetamorphic deposits differ from Nos. 1 and 2 ■ 
chiefly by the ])resence of gangue minerals of contact-metamor- 
phic origin, which have not been detected in the ores of Nos, 
I and 2. 

EEI'LACEMENT DEPOSITS IN LIMESTONE AND DOLOMITE 

In considering these deposits, examples of certain features of 
the second and fourth classes, in so far as they illustrate replace- 
ment, will be cited. The simple replacement type includes chiefly 
the ores of the smaller mines of Monarch Hill, part of the Madonna 
ores, and probably part of the deposits on the east side of Taylor 
Gulch, The largest developed ore bodies of the replacement type 
are on Monarch Hill in the Ordovician limestone, not far above 
the pre-Cambrian granite. (See fig. 10.) Smaller bodies in the 
Ouray limestone have been mined. In Taylor Gulch replacement 
ore bodies also occur in the Garfield formation. 

EVIDENCES OF BEPLACBHE.NT 

Of nine criteria of replacement that Irving' discusses in his 
paper on replacement ore bodies, five may be applied with more 
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or les8 certainty to the Monarch oret;. These are : (1) presence of 
complete or partly faceted crystals in the country rook, (2) ab- 
sence of intersecting concave surfaces of the limestone in contact 
with the ore, (3) absence of crustiflcation, (4) unaupportefi 
structures, and (5) form of ore bodies. 

Complete or partly faceted crystals in country rock. — Since 
nearly all of the ore minerals have been oxidized, the original sul- 
phides are very rarely found in the wall rock of the Monarch ore 
bodies. Galena with cube faces was found disseminated in the 
limestone near the ore below No. 5 level of the Madonna mine. The 
remains of partly oxidized crystals of pyrite which still retained 
the cubic form were found near the same place. Minute cubes of 
pyrite may be seen disseminated in the crystalline lime&'tone of a 
specimen from the Monarch Contact tunnel. A thin section 
{PI. XIX, j4.) of the same specimen shows grains of pyrite with 
incomplete crystal outline, while crystal forms are absent from the 
disseminated zinc blende in the same specimen. Pyrite, in cubes 
and combinations of cube and octahedron, is common in the gran- 
ite and gouge near the ore bodies of several mines; here it has es- 
caped oxidation more commonly than that in the limestone. How- 
ever, the metallic minerals of the disseminated replacement ores 
are for the most part in formless grain. (See PI. XIX, B.) 

Absence of intersecting con<:avlties. — Irving compares the sur- 
face of cavern walls in limestone with the boundary between ore 
and wall rock in replacement depcsit-s. The walls of a solution- 
formed cavern in limestone are very likely to show a great number 
of intersecting concavities; thfse should remain if ore susequently 
filled the cavern. On the other hand, the outline between ore and 
wall rock in replacement deposits is very irregular. Such an ir- 
regular outline is found between the Monarch ore bodies and the 
wall rock. 

Absence of crustification. — Crustiflcation — the effect of the 
successive or alternate deposition of unlike minerals on the walla 
of openings — has not been observed in any of the ore bodies here 
classed as replacement deposits. 

. Unsupported structures. — This name Irving gives to the irreg- 
ular masses of unreplaced country rock found in replacement ore 
bodies. They are not uncommon in the Monarch ore deposits. Sev- 
eral lai^ blocks of qnartzite were inclosed by the Madonna ores 
(PI. XXII). Though these were in the fault zone they were com- 
pletely surrounded by ore which evidently had replaced the rock 
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that lield the quartzite in pla<'e previous to ore deposition. Above 
No. 6 level of the same mine a block of limestone manj feet across 
was nearly or qnite surrounded by ore; this was near the fault but 
not in the fault. In the Lilly mine are found, within the ore»-', 
masses of black material containing a large proportion of calcium 
carbonate ; this is evidently incompletely replaced limestone. The 
phenomenon of unsupported structures is shown on a microscopic 
scale in Plate XIX, the zinc blende and in a greater d^ree, the 
pyrite inclose minute grains of calcite or dolomite of the partly 
replaced rock. 

A somewhat different pbenomenon, though belonging to the 
same general claH>, is seen in a thin section of Xew York ore (I'l. 
XX). The specimen is composed of dominant sine blende associ- 
ated with subordinate diopslde which is in large part automorphic 
toward the blende. Not only do the larger crystals of diopside 
with good crystal terminations penetrate the zinc blende, but the 
latter mineral incloses minute well formed crystals of diopside. 
Obviously these minute crystals, distant from other diopside, 
did not remain in place unsupported prior to the introduction 
of zinc blende. That diopside crystallized from a solution in 
zinc sulphide as it might from a rock magma is scarcely to 
be considered. There remains the probability that the zinc 
blende replaced some material, probably oalcite, with which 
the diopside was associated prior to the deposition of zinc 
blende. In other specimens of diopside and diopsidic rock in 
this region calcite is the common associate of diopside, and it 
was probably calcite that was replaced by the zinc sulphide. 

Form of ore Jtodies. — In most of the large bodies the ore lies 
in practically continuous shoots which follow the dip of the inclos- 
ing sedimentary rocks downward, but in most cases bear either to 
the right or left of tKe dip. This divergence from direction of dip 
is bnt few degrees in every instance noted, except in the Lilly mine. 
Here whet* the dip is nearly vertical, the longest shoot pitches 
north about 20°. 

CrosB-aections of some shoots are circular, but a greater num- 
ber of shootf> are elliptical in cross-section, having the longer axis 
parallel to the strike of the inclosing strata. Most of the shoots 
do not have a constant width and thickness, but pinch and swell. 
The swells may be lenslike or irregular in form, and connected by 
a workable body of pay ore or by an iron-stained joint- or bedding- 
plane in the limestone. Two large ore bodies of the Madonna 
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mine, but a few feet apart, were cooneeted by an iroo-Btaiaed 
joint-plane. Here also the large ore bodies, some distance from 
the main fault, were very irregular in outline. 

Several of the deposits are tabnlar as a few in the Lilly, Gar- 
field, and New York mines. Other replacement deposits occur in 
iiTegular or lenticular bunches or pocketB, as in the Little Wonder 
mine and Wilsion mine, but the longest diameter is generally par- 
allel to the bedding of the limestone. As in the longer shoots, u 
series of bunches may be connected by an iron-stained joint- or 
l>edding-plane. In some cases a seam of gouge connects two or 
more ore bodies, and here it is difficult to distinguish between 
the replacement type described and those deposits which are 
partly fault-fissure filling. 

BELATIO^ TO WALL BOCK 

In a few mines the boundary between the ore and inclosing 
limestone is sharp, as in the Little Wonder mine. Generally, how- 
ever, the ore near the border becomes increaKingly calcareous until 
it passes by gradatioaa into mineralized limestone. Where tbe 
galena has escaped oxidation it may sometimes be seen dissemi- 
nated through the limestone near the ore. Though the sulphide 
ore of the Garfield mine shows an apparently »harp contact with 
the wall rock, specimens of tbe wall rock contain a considerable 
proportion of ore minerals. In general, the wail is merely the 
twundary of the ore that cad be profitably mined. 

FAULT-PISSUBE FILLING 

Tbe largest ore bodies which have hitherto been mined in the 
district are of this type, as, for example, those of the Madonna 
and Eclipse mines. While there has been much local faulting in 
the vicinity of the Lilly mine, it is not definitely known that the 
Lilly ore bodieb' lie in fault fissures. It is probable that the main 
ore shoot of this mine was deposited along a fault-plane parallel 
to the bedding of the limestone. 

The Madonna fault has forced the granite apart at least lli 
to 24 inches where it passes into the granite from the limestone. 
The fissure between granite walls is filled with mineralized gouge 
on No. 6 level of the Madonna mine, but the space between the 
granite banging wall and limestone foot wall farther northwest 
was filled with good ore. Much of the limestone here was replaced 
by ore, but replacement of the granite did not extend far. That 
there was a little replacement of the gi-anite is indicated by the 
high silica content of the ore itt contact with tbe granite. 
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Od the higher levels of the Madonna there was much re- 
placement of the limestone walls of the fault fissure and appar- 
ently not a little replacement of the quartzite where it was in 
contact with the ore. The same is true of the Eclipse ore shoots. 
The ore of the Han-keye shoot in one place had replaced the 
limestone through a width of 66 feet. The essential difference 
between the two types described lies in the greater size of the 
second type owing probably to more favorable conditions for the 
circulation of mineral solutions. • 

E-ISSl'RE VEINS 

In the two varieties of quartz monzonite and in the Etna 
quartz monzonite porphyry are a number of fissure veins which 
have a general northward strike and high dip. These veins are 
the fillings of pre-existing fissures that were for the most part 
probably caused by shrinkage of the rock near the top and sides 
of the intrusive ^bodies owing to cooling and crystallization. 
There is tio oiiscrved evidence that the fissures were caused by 
faulting; the Mary Murphy vein in the Princeton quartz mon- 
zonite, northwest of Pomeroy Mountain, at a depth of 1,920 feet, 
has narrowed to a system of small veins wliidi show no evidence 
of material shearing movement. It is probable that the vein 
minerals came from the still heated, but crystallizing rock magma, 
at greater depth. 

The veins vary from a few inches to several feet in width. 
The Columbus vein is reported to be 6 to 20 feet wide.* The 
metallic minerals of the fissure veins of the Monarch district are 
chiefly, in variable proportion, galena, zinc blende, and pyrite; 
native silver was found in the Moose vein, and nearly all the 
sulphide ores carry silver values. The ganguc is principally 
quartz. It is said that near the surface of the vein in the 
Michigan mine, solid galena filled the vein from wall to wall. 
In most places, however, where seen, the ratio of metallic min- 
erals to quartZj in volume, is small. In mnst of the veins 
observed there is very little replacement of the wall rock. The 
ore which was being mined, in 1911, in a drift from the Pride of 
the West tunnel was really in a lode, about five feet wide, made 
up of several veins between which is mineralized rock. The veins 
vary in width from a millimeter to 20 inches. All the ore seen 
by the writer in prospects and mines in the areas mapped as 



'See, In this chapter, the deBCripdon c 



.dr,yGoogIe 



MONARCH ORE DEPOSITS 213 

quartz tnonzooite and quarts tnonzonite porphyry was in the 
veins here described, excepting a few deposits at contacts. 

The quartz vein, north of Browns Creek, which carries 
molybdenite, pyrite, and white mica, may be closely related to 
pegmatite, but of this there is no obsened evidence excepting 
the mineral associations. It is not improbable that the vein owes 
its origin to the granite intrusion a short distance east. 

Perhaps with the fissure veins should be included the vein 
8t the contact of pre-Cambrian granite with basic syenite, on the 
Slocking Bird claim. This vein, in 1911, had been followed by 
a tunnel 260 feet long. The vein varies from 1 to 10 inches in 
width. Quartz is the most abundant vein mineral — partly mass- 
ive and partly in crystals projecting into small vugs. The vein 
carries numerous patches of good galena in addition to a little 
chalcopyrite and pyrite. 

CONTACT DEPOSITS 

Ores at or near eruptive contacts. — A few ore bodies occur 
at or near eruptive contacts where no evident contact meta- 
morphism accompanied' the deposition of ore. But little has been 
done to develop these deposits except in the Mason mine, near 
the crest of the range north of Vulcan Mountain. All of these 
ore bodies are very irregular in form and all, excepting possi- 
bly part of the Mason ores, seem to be pockety. 

The Mason ores are at the contact between volcanic breccia 
and Paleozoic sediments which are slightly metamorphosed. It is 
probable, however, that the metamorphism was effected at the 
time of the intrusion of the quartz monzonite porphyry and prior 
to the deposition of the ore. The ores are chiefly silver-bearing 
oxides of manganese and iron, though a little galena and cenissite 
are present. The ores are in part without an appreciable quantity 
of rock material and in part form the matrix of a breccia of 
which the cemented fragments are chiefly materials from the 
volcanic breccia. This relationship indicates that, in part at 
least, the ores were deposited subsequently to the cooling of the 
volcanic rock. 

On the Condor claim in liunkydory Gulch a pocket or small 
shoot of good galena with a little zinc blende was found at the 
contact between the quartz monzonite porphyry and the Princeton 
quartz monzonite. Here there seems to be but little mineraliza- 
tion of the wall rock. 
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The ores of the Rainbow-Eagle Bird mine in Tajior Gnlcfa 
replace crystalline dolomite just below a strong, westward-dipping 
porphyry dike. Whether these ores were deposited prior to or 
as a result of the porphyry intrusion is not known. The ore is 
very pockety and spotted. Unlike the average contact deposit 
it carries very high values in gold and silver. Both sulphide and 
oxide ores are found in the shallow workings. The sulphide is 
principally galena; the chief oxide is psilomelane. It is not 
improbable that these ores belong In the con tact -metatnorphic 
class, but thus far they have furnished no characteristic contnct- 
metamorphic minerals. 

Several pockets of Bilver-lead-copper ore were found in the 
Major and Shamrock mines at the contact between the "parting 
quartzite" and a porphyry dike. 

Contactmctamorphic ores. — About 130 feet east of the New 
York ore that is now being mined the mine tunnel crossed a 
small body of zinc ore. Though the upper part of the ore was 
oxidized, zinc blende associated with andradite and diopside was 
found at the bottom of the tunnel. The sulphide ore carries 45 
per. cent zinc and a little gold and silver. The diopside is pale 
green ; the microscope shows it to be unaltered. The well-devel- 
oped crystal outlines of the diopside indicate that it was formed 
prior to the deposition of zinc blende. (See PI. XX, A.) Jt is 
not improbable that in the process of metamorphism any lime of 
the rock that did not become a constituent part of the diopside 
remained combined with carbon dioxide in the form of calcite, 
and that the calcite was replaced, soon afterward, by zinc blende. 
The oxidized ore toward the west does not carry any recognized 
characteristic contact-metamorphic mineral, but the rock nearby 
contains epidote, crystallized calcite, and a pale greenish-white 
micaceous mineral. 

The high-grade silver ore of the Mountain Chief mine is said 
to have been associated with magnetite. At present a mass of 
magnetite a few feet across can be seen at the same stratigraphic 
horizon and a few yards south of the Mountain Chief tunnel. 

Specimens of magnetite, epidote, and actinolite were found 
on the dumps on the Clinton claims east of Cree Camp, while 
almost the entire mass of sedimentary rocks on the hillside is 
metamorphosed. Diopsidic marble and epidote are the commonest 
metamorphic products. According to Mr. A, B. Brewlngton, who 
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IS familiar with all tiie Clinton ores, the best ore of this mine 
was associated with garaet. 

For the sake of completeness a small deposit of possible 
contact-metamorpbic origin is mentioned here. This is south of 
Dreens Gulch, a short distance beyond the boundary of the 
mapped area, where pockets of galena have been found in the 
pre-Cambrian schist and gneiss associated with tremolite and a 
pale red garnet. Nearby is a mass of the conglomeratic schist 
described In the chapter on pre-Cambrian rocks. It is not im- 
probable that there was considerable contact metamorphism in 
this vicinity prior to the regional metamorphism. The time of 
deposition of the ores is unknown; it may have been later than 
the period of regional metamorphism. 

OEEB ASSOCIATED WITH PEGMATITE^ QNEISS, AND SCHIST 

There has been no opportunity for a thorough examination 
of these minor deposits, and consequently their genetic relation- 
ships are in doubt. Newrtheless, the brief obseirations that have 
been made will be recorded here. 

On the steep slope south of the river, at and west of Maysvllle, 
there is much pegmatite in the area mapped as gneiss. The 
pegmatite is composed mainly of quartz, with a little feldspar 
and white mica. Malachite, as a stain and as a thin coating, is 
very common on the quartz. Id a few places chalcopyrite may 
be seen, in small quantity, in the quartz, filling fractures or in 
veinlets. North of the river a small quantity of good gold ore 
was shipped from a prospect in the pegmatite, 

Much copper-stained pegmatite and gneiss are found, without 
the area mapped, about a mile south of the Bon Ton mine. Here 
there is also good galena associated with tremolite and a pale 
red garnet ; this was mentioned in the previous section. 

On the Highland claim, about half a mile south of the mouth 
of Como Gulch, much prospecting has been done in pegmatite. 
Here also, malachite is common. A specimen from one of the 
dumps shows bomite in small grains in mica-bearing quartz. 
The bornite is chiefly in small fractures in the quartz. On the 
same claim good galena was found in pegmatite. The vein from 
which the galena comes is said to be 3 to 18 inches wide. 

Thou^ the ore minerals mentioned are found with pegma- 
titic quartz it is not improbable that they are of later origin than 
the pegmatite. This is indicated by the partial or complete depo- 
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(iitiOD of the copper niiDerals snbaequent to fracturing of the 
quartz. 

A small vein of zioc blende with chalcopyrite was opened on 
the Bon Ton claim, near the sontheaet comer of the area mapped. 
The wall rock is chieflj gamet-mica schist. While the ore appears 
to have been deposited id a fissure in the metamorphic rocks, the 
chalcopjrite is aiso disseminated through the wall rock either as 
a replacement or contemporaneous mineral. 

A small shipment of gold ore was made from a shallow pros- 
pect in hornblende schist or gneiss about half a mile south of 
Shavano Mountain. However, it is possible that this ore was 
deposited from emanations from the nearby quartz monzonite or 
from solutions which got their metallic content from the qaartz 
monzonite. 

OXIDATION AND SECONDARY ENRICHMENT 

With the possible exception of a few deposits in fissure veins 
all the known ore bodies are above the level of the ground water, 
and it is not known that secondary sulphides have been produced 
in quantity by any mine in the district. It is probable, however, 
that secondary sulphides were produced by the Columbus mine 
and possibly by the Michigan and Pride of the West mines many 
years ago. A few observations have been made which not only 
have a bearing on the original character of the ores, but also 
may form a basiK for inference concerning future possibilities of 
the district, and it seems advisable to record them here. 

There is no reason to doubt that the base metals of the ores 
were deposited almost entirely as sulphides. Evidences of this 
are seen in the bunches of residual galena that may occur in the 
oxidized ore at practically any depth, in the occurrence of pyrite 
^though rare — in and near limonitic ores, and in the sulphides 
of the Garfield mine. In nearly every mine that has produced 
lead, blocks of galena from a few inches to many feet in diameter 
have been found surrounded by oxidized ore. Galena is also 
found disseminated in the limestone near the replacement ore 
bodies. In the Little Wonder mine a pocket of galena was found 
only a few feet from the surface and was accompanied by very 
little lead carbonate. 

Though galena is common on Monarch Hill, the more readily 
oxidized zinc blende is unknown and pyrite is very rare. When 
examination of the geology of t' mine and surrouud- 



■izPd.yCoogle 



MONARCH OttK DEPOSITS 217 

ings was in progreae in 1909, tbe writer was fortunate enough 
10 see an instructive specimen that was furnished by Manager 
Burton, of the Madonna, immediately after it had been found by 
the miners who were stoping a body of limonitic ore. The speci- 
men was a mass of limonite which contained the remains of a 
large number of small cubes of partly oxidized pyrite. Almost 
the entire body of several of the crystals bad been removed by 
solution which bad left five of the six faces of each cube intact, 
but supported by extremely thin and fragile walls. Within the 
box-shaped cavities thus formed, these thin walls stil) held a 
liquid which was probably a solution of iron sulphate. The 
process of oxidation was literally "caught in tbe act." With this 
exception, found 250 feet below No. 5 level, no pyrite was seen 
by tbe writer in the oxidized ores of Monarch Hill, and not any 
has been reported by the miners. However, on No. 6 level of the 
Madonna mine, pyrite and galena are found in the gouge of the 
fault fissure where both walls are granite. 

The sulphides of the Garfield mine, in Taylor Qulch, include 
galena, zinc blende, pyrite, and pyrrhotite, and occur in a vein 
through a known length of 600 feet, where it is opened up about 
300 feet below the surface. Oxidized ore overlies the sulphides 
a few feet higher and is also found on the same level some 
distance from the sulphides and in the same vein. These are 
evidences that this is a body of primary' sulphide ore that has 
escaped oxidation; another good evidence is found in the presence 
of pyrrhotite among the sulphide minerals. So far as is known 
to the writer pyrrhotite has never been found as a secondarj- 
mineral in -the zone of sulphide enrichment.* It is not impossible 
that oxidized ore will be found at a greater depth in the same 
vein. 

In general, oxidation seems to have left the ores near the 
(turface with low silver and gold values but with a high percentage 
of lead. That the original galena was richer in silver than the 
cenissite resulting from oxidation is indicated by the much higher 
silver values said to have been carried by the bunches of residua) 
galena of the Silent Friend and Madonna mines. If any gold 
was present in the ores of the higher levels on Monarch Hill it 
was in too small quantity to be reported by the assayers and 

physical condl- 
ol minerals: Economic GeolOKy. 



.dr,Google 



218 M0N4BCH AND TOMICHI DISTRICTS 

smelterB. No gold was found in the Eclipse ores until 1893, after 
the bulk of the known ore had been mined. Gold was not found 
in the Madonna mine above 'So. i level, and only a littte was 
produced from above No. 5 level. A small qnantity of gold was 
found in the Bilent Friend ores that were near the granite. In all 
the ores produced prior to 1910 the gold content did not exceed 
a few handredths ounces per ton. 

The ore in the main Madonna shoot between levels 3 and 5 — 
about 800 to 1,400 feet on the pitch — was comparatively lean in 
gold, silver, and lead, but contained a high percentage of iron. 
The same is true of the Eclipse ores in the same general position. 
Bince patches of galena were found in this portion of the shoots 
and a little pyrite at a somewhat lower level, thus indicating 
that oxidation was not more active here than at a higher eleva- 
tion, it is probable that the low content of lead is the result of 
original poverty of the ore in that metal. 

At the lowest depth reached in the Madonna mine the high . 
values mentioned in the section on tenor of the ores were found 
in a streak one to six inches wide. This streak is said to be very 
irr^i;ular' in its course. In places it is comparatively flat; again 
it dips'steeply. In general, it pitches with the main shoot, but 
keeps rather near the limestone — one to five feet distant. Samples 
examined show two varieties of ore in this streak. The first ie 
well<ry9talliaed cerussite with interstitial limonite; it carries 
about 10 ounces gold and T5G ounces silver per ton and 48 per 
cent lead. The second variety is a dark earthy or sooty material 
that carries about 65 ounces gold and 5,975 ounces silver per ton 
and 24 per cent lead. The silver of the second variety is largely 
in the form of cerargyrite, or silver chloride. Hot ammonia dis- 
solves BO much of this mineral from the ore that when the eolutiou 
cools silver chloride is qaickly precipitated as a scum on the 
surface of the saturated solution. Other constituents of this ore, 
determined after careful assortment under a strong lens, are: 
argentite in minute grains, cerussite in small crystals, a few 
minute grains of pyrite, and small priwnatic crystals of quartz 
with good rhombohedral terminations. The solution of much 
iron in the ferric condition hy hydrochloric acid, indicates that 
limonite is present in abundance. It is probable that part of the 
black material is galena; the sample runs well in lead and only 
a small amount of cerussite was detected. The condition of the 
gold was undetermined. 
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It is highly probable that a lat^ part of the gold, eilver, 
and lead of the higb-grade ore at this level was precipitated from 
solutions that had moved downward throngh the oxidized and 
oxidizing ores. The fact that the higbest-grade streak keeps near 
the limestone indicates that calciutn carbonate was the principal 
precipitant. The pyrite may have been precipitated from descend- 
ing solutions or it may be unoxidized pyrite of the original ore. 
The presence of much cerai^rite in the rich streak and of much 
pyrite in the original ore indicates that the ground water would 
be likely to carry both Terric chloride and ferric sulphate which 
could have effected the solution of gold'. The silver may have 
been carried by a ferric sulphate solution' ; or it is not impossible 
that ammonia from the decay of animal organisms in the basat 
Ouray limestone at some time in the history of ore-alteration, 
may have more than neutralized the sulphuric acid in the ground 
water and carried the silver in the form of chloride. Though this 
is perhaps not probable, it is suggested by the strong bituminous 
odor that is emitted by the fossiliferous limestone when freshly 
broken. Doubtless even more organic matter was present before 
the limestone had been so long exposed to erosion. 

In addition to this example of a streak of high-grade ore 
formed evidently by secondary processes, the ore of the Madonna 
mine from a point attout 200 feet above No, 6 level downward 
sho^i^ a marked increase in gold and silver content over the ore 
of higher levels. The excess iron is about the same as in the ores 
of higher levels, the lead percentage is low, and zinc is absrat. 
The vertical variation in the ore is shown in a general way in 
the table of pTOduction of the mine (p. 239). The ore of the 
higher levels ordinarily carried about 1 to 6 ounces silver per 
ton, 25 to 30 per cent lead, and no gold ; the table shows no zinc 
for this part of the mine. Zinc ore is said by the old miners to 
be present on the higher levels, but during the eighties zinc ore 
was avoided. Below No. 3 level the silver values remained about 
the same, lead greatly decreased, bat a little gold was found in 
part of the ore from No. 4 level downward. These conditions 
nmained nearly constant down to 200 or 250 feet below Mo. 5 
level, when the values in gold and silver greatly increased. The 

■8«e Stokes, H. N., Experiments on the solution, transportation, and deposi- 
tion of copper, silver, and sold; Bconomic aeolovy, vol. 1, 1906, pp. E14-EG1. 
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first line of tbe table for 1910 sbowB the character and amooDt 
of ore taken from the mine between 200 feet above No. 6 level 
itnd a few feet below No. 6. This shows that tbe jear'a tonnage 
carried an average of .44 ounces gold and 29,42 ounces silver per 
ton, but only 3.72 per cent lead. Iron continued in large excess 
over the silica. The second line for the year 1910 represents ore 
from levels 4 and 5; the output for 1911 was from levels 4, 5, 
and 6. The last two lines of the table therefore have oo signifi- 
cance for a comparison of values at different elevations. 

To summarize: The facts recorded for the ores of Monarch 
Hill seom to show that in the process of oxidation the ores of 
tl:e higher lev-els lost a portion of their gold and silver content 
whieb wa&— in the cajse of the Itfadonna mine — deposited in part 
at a lower level still in the oxidized zone, and that the ores of 
the higher levels may have become richer in lead by the removal 
of much pyrite and possible zinc blende. The argentite, pyrite, 
and probable galena on the lowest level of the Madonna mine 
suggest proximity to an ore body of secondary sulphides. 

The effect of oxidation in other parts of the district is but 
little known. The oxidized ores of the Garfield mine seem to be 
richer in both stiver and lead than the sulphide ores, but the 
property has not been sufficiently developed to furnish a basis 
for a conclusion, gome of tbe oxidized ores of tlie Lilly mine 
have been very ririi in copper in the form of cuprite; others are 
rich in lead. Good sulphide ores have been found in the Lilly 
mine, but no characteristic secondary minerals have been recog- 
nized in them. They are probably residual sulphides in the 
oxidized zone. 

RANGE OP OXIDATION 

In the Lilly, Eclipse, and Madonna mines oxidation of ores 
has i-cached a vertical depth of at least 800 feet below the surface, 
but tliis is only a fraction of the length of the ore shoots oxidized. 
The Lilly ore shoot has been oxidized through a pitch length of 
about 1,200 feet; oxidization of the Eclipse ores has a range on 
the pitch of l.iJOO feet; while the pitch length of the Madonna 
( xidized ore shoot is about 2.000 feet. 

In the glaciated areas oxidation has evidently extended but 
a few feot below the present surface. Just east of Boss Lake 
zinc blende, galena, and pyrite were found in dolomite within 
10 feet of the surface, nothwlthstanding the readily oxidizable 
character of zinc blende. Several prosiwcts just east and north- 
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cast of the Lake expose bodies of iroo sulphide, probably pjrite, 
which show no indication of oxidation at a depth of 10 feet. 
Xear the head of North Fork fissure veins show galena, zinc 
blende, and pyrite within a few feet of the surface. It is re- 
ported that galena wa» found exposed at the surface in at least 
one vein. 

Though this slight depth of oxidation in glaciated, areas may 
be in part a result of structural conditions in the fissure veins, 
it can Iiardiy be so considered in the case of the sulphides near 
Boss Lake. The areal range of the unoxidised sulphides in this 
vitinit.v is at least a quarter of a mile long and several hundred 
feet wide; this area, futhefraore, contains no known metallic 
oxides in notable quantity excepting magnetite, which is in all 
probability a primary mineral. The occurrence of the sulphides 
in this vicinity with only superficial alteration is hence too 
^neral to be considered a chance immunity of the sulphides 
from oxidation. It is therefore inferred that by far the greater 
part of the oxidation of the ores of the district was effected prior 
to the time of glaciation of the Boss Lake locality. 

AGE OF THE ORES 

The contact deposits were probably formed at several dif- 
ferent periods. Evidently the greater part, if not all, of the 
garnet and diopside in Taylor Gulch and at Cree Camp was 
fonned at the time of the quartz monzonite intrusion, and it 
is probable that the ores with which these minerals are associated 
were deposited so soon afterward as to be considered practically 
contemporaneous. Part, if not all, of the ores in contact with 
the porphyry dikes of Taylor Gnlch may have been deposited 
from emanations from the porphyry, but it is possible that the 
ores of the Mountain Chief and Rainbow-Eagle Bird mines are 
of the same age as the Clinton and New York ores which are 
evidently but little younger than the quartz monzonite. The ore 
at the contact between the Etna porphyry and quartz monzonite 
in Huukydory Gulch is not older than the porphyry which is 
one of the comparatively late intrusions. It is probable that 
the ore of the Klasou mine is not older than the volcanic bre^'cia 
which is in turn evidently younger than the Etna property. 

There is at hand no good evidence on which to base a con- 
clusion as to the age of the ores in the pegmatite, gneiss, and 
"chist, and at the contact between the basic syenite and granite. 
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The ores of tlie flsBiire veins were presumably deposited with 
the quartz in contrnction fissures In the upper part of the igneous 
intrusions while the interior still retained much of its original 
heat. The ores of these veins in the two varieties of quartz mon- 
KOnite may have been deposited synchronously, or at two not 
widely eeimrated periods. The ore of the veins in the Etna 
porphyry, however, is as young bb the porphyry, and hence prob- 
ably much younger than the flssure-vein ores in the quartz mon- 
Eonite. 

Until mining developments are carried deeper all that can be 
[lositively said of the age of the ores of Monarch Hill, the Lilly 
and Garfield mines, and a few others; is that they were deposited 
after the folding and principal faulting of the sedimentary rocks 
in which they lie. The few fractures and faults seen in the ore 
iKidies. are too slight to have been caused by the folding and 
faulting described in the chapter on Btmctural geologi*. Know- 
ing that Mr. Eilers had had opportunities, which do not now 
exist, to obsen-e the relation of the largest deposits (o the fault- 
ing, the writer asked him several questions, and received the 
following definite statements: 

"The ore in the Madonna was all deposited, without the 
slightest doubt, 8ubBe<]uent to the faulting and folding. The ore 
thowed no crushing or breaking in any part of the mine. There 
was never found any evidence of more than one period of ore 
deposition, which was subsequent to the faulting and prior to 
oxidation. The principal ore body in the Madonna down to the 
fourth level, was in the big fault itself, but small branches went 
(•ut for some distance to the southwest and northeast into the 
limestone strata, generally following the planes of stratification 
to the southwest, and being very irr^ular in the broken ground 
to the northeast of the fault. The ore bodies themselves were 
never faulted anywhere in the mine". 

Since Mr, Eilers wrote the above, ore waS discovered in the 
Madonna fault at a much lower level. No. 6. Examination of 
this occurrence confirms everj' statement made by Mr. Eilers in 
n'gard to the relationship between ore deposition and faulting. 
The replacement deposits and fault-fissure fillings are therefore 
post-I'aleozoic in age. They are probably not older than the 
quartz monzonite, and are hence probably of early Tertiary age. 
Certainly they were deposited early enough to permit nearly all 
of the vast amount of oxidation that has taken plEice before gla- 
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ciation of the region. In the history of the ores the time that 
has passed since the region waa glaciated is insignificant. 

QENESia OF THE ORES 

The association of ores with characteristic contact-meta- 
morpfaic minerals in a few ore bodies and the occurrence of ores 
in contact with dikes, seem to indicate that tlie metals of the 
contact deposits, described on preceding pages, emanated from the 
intrusive rocks or rock magmas. Most of the contact-meta- 
morphic minerals evidently owe their formation to the intrusion 
of quartz monzonite, and the same intrusion may be suspected of 
furnishing the metals of the contact-metaphoric ore bodies. It is 
possible that the ores in contact with the dikes were derived from 
the dikes. 

The largest known ore bodies of the district are re- 
placements, and fautt-flssure fillings, removed a considerable 
distance from an eruptive contact and not known to he associated 
with minerals of contact-metamorphic origin. Conclusive proof 
of their origin is lacking at the present time. Xevertheless, 
reasonably safe inference niay be drawn from facts obtained in 
tbe field. These facts may be grouped aa (1) mineral composi- 
tion of -the ores, (2) .structural relationships of rocks and ore 
bodies, and (.1) distribution of ore minerals. 

Although sulphides of copper, iron, lead, and zinc are present 
in deposits of other origin they are common minerals in ores 
\\ hich are generally conceded to have been deposited from ascend- 
ing hot iHiiutions. All but jiyrrhotite may be neglected in framing 
a hypothesis except perhaps where they may be significant in 
the comparison of ores of different parts of the district and of 
different types of deposits. Qold and silver are important con- 
stituents of the Monarch Hill ores. These are not common 
metals in ore bodies which owe their origin to the work of cold 
ground waters. The specular hematite on and east of Monarch 
Hill and the pyrrhotite of the ores in the Garfield mine indicate 
contact-metamorphic deposits or deep-vein deposits'. On Mon- 
areh Hill even much of the limestone near the ores shows, in 
thin section, only incipient crystallization of calcite with no 
other mineral. Much of the dolomitic limestone is crystalline, 
hut not more crystalline than might result from dolomitization. 
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lu the ordinary use of the term, therefore, the ores of Monari-h 
Hill can scarcely be considered contactmetamorphic deposits. 
Yet there is so striliing a siniilaritj- between the ores of Monarch 
Hill and the contact depoaita of Taylor Gulch and Cree Camp 
Ibat a common source is suggested. The ores of the Lilly and 
Garfield mines of Taylor Gulch in their structural relatiou^ips 
have much in common with both types. Epidote and garnet are 
common on the surface a few hundred feet north of the breast 
of the Lilly mine while a small quantity of chlorite occurs with 
the Garfield ore. But the shape aud continuity of these ore 
bodies and their relation to apparent faulting are similar to 
those of ore bodies on Monarch Hill. 

Though the general northward to northwestward pitch of 
the ore shoots is in large part due to the structure it indicates 
that the mineral-bearing solutions m6ved in a common direction. 
In 80 far as the folding and faulting iu the vicinity of the Clinton, 
Lilly, Alaska, Bonnie Belle, and Ben Hill mines are concerned 
the ore shoots of those mines might be vertical or pitch south 
as well as north, yet all pitch toward the north. This uniformity 
is too general and displayed over too wide an area to be con- 
sidered a mere coincidence. 

Qalena, pyrite, and zinc blende carrying good silver values 
and a little gold have been found in patches west of Monarch 
iu the Lake fault. The same sulphides with less gold -and silver 
occur near the same fault at Boss Lake. Samples from these 
localities carrj- all the metals found on Monarch Dill except 
copper and molybdenum, and all the known primary metallic 
minerals except hematite. Instead of hematite, magnetite, which 
is formed under similar conditions, is found at Boss T^ke. North 
of the lake and but a few hundred feet south of the quartz 
monzonite, oxidized silver-lead ore is found in the Lake fault. 
Therefore, with the exception of less than a mile on the slopes 
of Syncline Hill where the fault is covered and unprospected, 
and a shoi-t interval at the creek where the fault is covered by 
a morainal deposit, the characteristic metals and ore minerals 
have been traced from the quartz monzonite, north of Boss Lake, 
to the top of Jlonarch Hill, 

A short distance west of the fault, in the granite near the 
quartz monzonite, several thin seams, said to carry high values 
in gold and silver, have been found. In the Tomichi district 
the granite is commonly mineralized near the quartz monzonite 
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and at least two veins have produced payable ore. Ore-bearing 
fissure veins are commoD in the quartz moQzonite in the Chalk 
Creelv and Tomichi districts and are also present in the Monarch 
district. 

From the facts mentioned it seetns reasonable to infer that 
the quartz monzonite magma held in solution metals, of which 
part was carried by ascending hot solutions through the sedi- 
mentary- rocks and deposited as fault-flssure fillings and replace- 
ments, and part was carried by hot solutions into the fissures 
of the surface crust of the hatholith and was deposited with 
quartz and other gangue minerals as fissupe-vein fillings. It is 
not improbable that the deposition of the ores outside of the 
batholith was, in part, slightly in advan<£ of the deposition in 
fissure veins which required the crystallization of the magma 
to a depth of several thousand feet before flssuring was com- 
plete. (The Mary Murphy filled fissure extends at least 1,920 
feet below the present eroded surface.) Meteoric waters may 
have had a small part in transporting the ore minerals. How- 
ever, when the size of the batholith is considered it seems 
probable that the total volume of magmatic water that must 
have been given off, was great. Naturally a convenient outlet 
like the Lake fault, might he expected to lead off a large share of 
this water. 

This hypothesis for the source of the ores of Monarch Hill 
necessarily ascribes to the solvent, power to carrj' the minerals 
through a vertical range of several thoueiand feet against gravity 
and a horizontal range of two and one-half miles — unless the 
quartz monzonite contact dips southward under the sediments. 
This is a wide range, but it does not seem too great when it is 
considered that marble has formed a mile and a half from the 
visible contact and cordierite liomfels more than a mile away 
in this direction, that the displacement of the fault is over 1,000 
feet, that the readily soluble limestone was much broken, and , 
Ihat the batholith probably has now an exposed surface of 200 
square miles or more. Figure 10 is intended to show the struc- 
tural relations that existed between the faults and the syncliiiiil 
fold which would make this locality peculiarly receptive. 

DEPTH AT WHICH THE ORES WERE DEPOSITED 
The Paleozoic sediments of Taylor Gulch and North Fork, 
which were crosscut by the quartz monzonite, have a thickness 
of at least one mile and probably 7,000 feet. The latter is the 



.dr,yGoogIe 



UONABCH AND TOMICHl DISTRICTS 



Ills, 




h 
|1 
i\ 

11 
il 



!! 



I ■ 

s 

1 
I 

D,„i,z,dr, Google 



MONABCE ORE DBP0BIT8 227 

tnie thickness if the apparent thickness is not partly dae to 
faulting of which there is no known evidence. The thickneus 
of ihe ori^nal cover of the batholith was probably at least as 
thick as the Paleozoic sediments. If the ores emanated from 
the freshly-intruded qnartz monzonite those at the highest eleva- 
tion on Monarch Hill and in Taylor Gulch were therefore prub- 
aMy deposited at a depth of at least 7,000 feet, and the ores 
near the creek level at a depth between 8,000 and 9,000 feet. T..i» 
makes no allowance for a probable greater thickneas of Paleozoic 
i^oiments and for possible Mesozoic sediments. 



As a result of detailed study of the structure of the Monnrch 
diftrict and of the relation of the known ore bodies to structure, 
opinions of the future possibilities of the district are inevitably 
formed. As an agent of the Survey, it is the writer's duty, while 
pleading fallibility, to give frank ezpreesion to those opinions 
that may be supported by valid reasons if they may in any 
measure contribute to t'he economic development of the district. 
The day of the "sure thing" in mining is past, but there are 
geological reasons for the belief that the possibilities of the 
^tonarcb district are tar from exhausted. It is intended to men- 
tion a few of these reasons in the following paragraphs and to 
point out a few localities that wonld seem to merit thorough 
prospecting. 

The lowest depth at which metallic minerals may be pre- 
cipitated from solution is governed by so many factors that >t 
is impossible to state positively, in advance of development, jnst 
what that depth is in any particular region. If the hypothesis 
advanced for the genesis of the Monarch Hill ores is tenable — 
and the writer believes it is — there naturally arises the question. 
How far do the ores go down toward the north in the Lake fault? 

It has already been demonstrated in the Madonna mine that 
the ores were precipitated through a vertical range of nearly 
1,500 feet. These ores were probably deposited at a depth of not 
less than 7,000 to 9,000 feet below the surface. It is hence not 
improbable that under similar structural conditions ore minerals 
could be precipitated a few hundred feet, or even a thousand 
feet deeper. This would be only a fraction of the known range 
of deposition in this area and only a small fraction of the dis- 
tance from the surface. The structural conditions along the 
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Lake fault where it cuts off one lioib of the syucline nre 
Rimilar to the conditions on Xo. (i level of the Madonna 
mine, namelv, a fji-anite hangiu}; wall and a footwall of limestone 
overlj-ing granite. It ia probable, however, that at this greater 
depth the limestone Sn lesti fractured than it is in the Madonna 
mine. The chief differences to be considered are of temperature 
and pressure; a great increase of teiiii)erature and pressore 
would be unfavorable to precipitation of ore minerals. As shown 
by the contact metaniorphiam the temperature along this fault 
was high. But it is pn)bable that solutions that got their metallic 
content from the quartz monzonite continued to circulate long 
after the surface crust uf the batholith as well as the surronnd- 
ing rocks bad cooled to a liiuch lower temperature. It is un- 
likely that the temperature in this fault was higher than that of 
the quartz monzonite itt^lf at a depth of nearly 2,000 feet below 
the position of the present eroded surface, at the time the metal- 
lic sulphides of the Mary JIurpliy mine were deposited. It is 
also unlikely that the pressure in the Mary Murphy vein at 
the same dejilh was less than that in the Lake fault. While 
the Mary Murphy vein is not known to carr}' sulphides in suffi- 
cient (juaiitity, at this depth, to be useful as ore, the small 
amount is probably due in laige part to structural conditions— 
that is, to the narrowuews of the mn. Favorable to greater 
pre<-ipitation in op near the Lake fault is the readily replaceable 
limestone of the footwall. It is scarcely to be expected that 
primary ores at grent depth will be found in such large bodies 
as were deposited at a higher elevation or with the same metallic 
content. 

It should be mentioned here that geologists have not ordi- 
narily found gouge-filled fault fissures of great displacement 
favorable to ore deposition. To qifote Bansome' : 

Great fault flesurcs are rarely flUod by volns, perhaps chiofiy because 
great movemeut tends lo pack the flsaure tightly wlih compresBed tm- 
pervious attrition material, and If ore la deposited at all It is likely to 
be cruHhod and dispersed lliroiigh (he gouRe by the recurrent nioveraentx 
characteristic of great dislocationB. On the other hand, productive veins 
often accompany great faults and Oil the minor associated flsBures. 

Nevertheless, on Xo. 6 level of the Madonna mine ore filled 
the fissure completely, for many feet, between the granite hang- 
ing wall and limestone footwall and replaced much of the lime- 
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stone. The quantitj- of gouge between granite walls farther 
southeast indicates that the fissure was probably continuously 
filled with gouge prior to mineralization, where it extended into 
the limestone. Fracturing of limestone adjacent to the original 
gouge may have permitted the first circulation of mineral-bear- 
ing eolations which effected replacement of both gouge and lime- 
stone. Though there is much apparently impervious gouge in 
the Lake fault wherp it is opened by the Monarch Contact tunnel, 
small patches that assay well in silver are found in the fractured 
limestone not far from the fault. The existence or non-existence 
of payable ore in the fault at greater depth could probably be 
most economically' determined by prospecting with a diamond 
drill. 

A position in the Lake fault, which should not be overlooked 
in prospecting is at or near the intersection of the fault with 
the "parting quartzite". The quartzite, as might have been ex- 
pected, has been shown to be a good aquifer for ground water 
near the surface, in the drift along it, in the Monarch Contact 
mine workings. Here enough water issues from the quartzite 
to keep the drift wet and even to form a Bmall stream. The 
quartzite should have been as good an aquifer for ascending 
mineral-bearing solutions at the time the ore bodies were formed. 
If the sheared ends of the quartzite strata were in the path of 
mineral-bearing solutions at depth there is no apparent reason 
why the latter should not in part have ascended along the quartz- 
ite and deposited their metallic content in the limestone above 
or below the quartzite wherever pressure and temperature were 
favorable to precipitation. In the Eclipse mine an ore shoot, 
deve!o])ed through a length of 1,200 feet, immediately underlies 
I be same quartzite. 

An effort has been made to calculate the probable depth of 
the limestone of the fold west of the Lake fault and southwest of 
Monarch, hut no dependably accurate results have been obtained. 
The surface is largely covered by morainal materia! and mine 
developments are few. Furthermore, the dtp and strike are known 
to change greatly within short distan^ces. The only, data, having 
a bearing on the depth of the limestone, that can be obtained, 
at present, under ground, are: the distance between the posi- 
tions of the "parting quartzite" on opposite limbs of the syncline, 
in the Madonna No. 6 tunnel, and the absence of the same quartz- 
ite' from the crosscut in the Hawkeye mine. (See p. 243.) 
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Ordinarily, the thickness of the limestone below the qnartzite 
is 200 to 250 feet. Sioce the Hawkeje crosscut paftaes imder 
the quartsite and the distance from the granite west of the fold 
to the graDite of the east limb is 400 feet, it is evident that the 
distance from the crosscut to the bottom of the fold in a line at 
right angles to the pitch of the fold is probably not more than 
200 feet. The vertical distance from the crosscut to the bottom 
of the fold is greater than the distance in the line first taken. If 
there has been faulting parallel to the lucial plane these figures 
have no value. West of the Madonna fault, in No. 6 tunnel, the 
horizontal distance from the quartzite on the west limb of the 
fold to the same quartzite on the east limb is' about 1,000 feet. 
At right angles to tlie strike the horizontal distance is about 
900 feet. The average dip of both limbs, which are nearly paral- 
lel, is perhaps about GO". It is possible, though not probable, 
that the quartzite at the lowest point is below the tunnel level 
a distance less than one-half that betneen the quartzite on oppo- 
site limbs of the fold. More probably it is deeper aud is hence 
very likely at least 400 feet below the tunnel level. Add to this 
250 feet, the approximate thickness of the quartzite and lower 
limestone, and the greatest depth below the tunnel level at which 
limestone may be expected is not less than 650 feet. East of the 
fault the limestone should extend to a greater depth than on 
the west. Uniformity in ascent of the bottom of the fold from 
this point to the Hawkeye crosscut is probably interrupted by 
faulting, If this part of the fold was not below the range 
favorable for the precipitation of ore minerals there is still 
much undeveloped ground in which primary ores may have been 
deposited. If ores can be shown to exist in or near the Lake 
fault at considerable depth, lliey may reasonably be expected in 
the fold wherever structural conditions are favorable, 

A few localities within this part of the field, because of their 
apparent favorable position will be specifically mentioned. There 
is no known convincing evidence that the Lake fault extends as 
far south as the Hawkeye fault. More probably it shades into 
the overturned fold between the Hawkeye and Madonna faults 
as represented in figure 10. If the Lake fault does intersect 
the Hawkeye fault the Hawkeye aud Silent Friend ores may 
have been deposited from solutions that passed directly from the 
Lake fault into the Hawkeye fault. On the other hand, if the 
Hawkeye and Lake faults do not intersect — and it is probable 
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that they do not — the apparently most favorable channel (or 
ascending aoIutio&B would be at the bottom of the syncline where 
ebarp folding must have caused a tendency to fracture. If the 
mineral-bearing solutions did ascend along this fold it is reason- 
ably certain that part of the metallic content was pi'ecipitated 
at the bottom of the syuetine before the solutions reached the 
position of the known ore shoots. 

The plan of the Madonna ipine (PI. XXI, in pocket) shows 
that the main ore body from Zero level to the third intermediate 
level' lies in a slightly curved zone which, produced, passes west 
of the portal of No. 6 tunnel. A small ore body was found in 
the same zone on No. 4 level. Between levels 4 and 5 the ore 
was mainly out of this general course and irregularly distributed. 
On No. 6 level a large body was fopnd in a strong fault about 
200 feet northeast of the position mentioned. This body was 
continuous with the main deposit on No. 5 level. The fault in 
which it lay dips southwest, though steeply. From these facts 
it seems possible that the Madonna fault forks near No. 4 level. 
Surface indications of a fault about 200 feet southwest' of the 
known fault on No. 6 level are a spring which issues from the 
limestone west of the No. 6 dump and the straight sharp gully 
on the steep slope west of the portal of No. 4 tunnel. The 
existence or non-existence of a fault in this position should be 
determined. 

The Mayflower is a strong fault and evidently in it the two 
large ore shoots of the Eclipse mine were deposited. This fault 
should be investigated at a greater depth. 

Whether or not the Mayflower fault and the bottom of the 
syncline carry undiscovered oxidized ore above the level of the 
ground water, they, together with the Madonna fault, or faults, 
may be expected to be, below the ground-water level, the loci 
of secondary sulphide-ore bodies. The length of the two knowD 
shoots of oxidized ore of the Eclipse mine is 1,200 feet each. 
lEeceutly another ore body has been opened on what is probably 
the same fault at a depth 300 feet, on the pitch, below the bottom 
of the lower shoot shown in figure 13. The known oxidized ores 
of the Madonna mine have a range of nearly 2,000 feet. The 
aggregate length of the known main shoots of oxidized ore of 
the Hawkeye and Silent Friend mines is not less than 1,600 
feet. This figure would be greatly increased if the lengths of 
the smaller shoots were added. It is probable also that much 
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of the maiD shoot of the Uawkeye mine is undeveloped, aad 
hence not included in the estimate. The character of the oxi- 
dation, in so far as it has been determined, was desoribed in 
the section on oxidation of the ore bodies. The evidence is 
strong that much zinc, gold, and silver, some lead, and perhaps 
a little copper have been removed. If the amount of oxidation 
is a measure of the volume of secondary sulphides that may be 
expected below the level of the ground water, the prosperity 
of the district is assured for several years to come. It is im)b- 
sible that in those shoots whose walla are both limestone the 
oxidized ore minerals were largely precipitated before they 
ri ached the present level of the ground water. It is not improb- 
able, however, that a considerable part of the oxidized minerals 
in such shoots and a large proportion of the oxidized minerals 
in the. shoots in contact with at least one granite wall, reached 
Ihe level of the ground water before they were precipitated. 

There is a possibility that descending solutions have found 
llieir way into the fissures in the granite below the ore shoots, 
and this possibility should not be overlooked in prospecting. 
More probably, however, the descending solutions chiefly found 
their way to a lower part of the syncline. This is indicated by 
the si ream-laid sand in old water courses in the Madonna and 
Silent Friend mines. 

It cannot be said that the possibilities of Monarch Hill are 
exhausted until after the granite-limestone contact baa been 
thoroughly prospected. The known ore shoots, except the Black 
Tiger shoot, are represented in figure 10, It is not known that 
any one of these has completely failed at the lowest depth reached. 
^^'ork on several was suspended- because of the expense of hoisting 
the comparatively low-grade ore, and packing it on burros to the 
railroad. By a consolidation of interests and working many 
claims through a single tunnel these properties might be put on 
a paying basis. Such a tunnel would encounter any possible ore 
bodies near the granite. Evidence that blind leads may be dis- 
covered is shown by developments in the Madonna mine where 
a large body of low-gi-ade iron ore in a probaibte fault zone was 
encountered about l!00 feet east of the main fault on No. 6 level, 
Xo indications of the fault or ore have been found at the surface. 

To prospect the granite-limestone contact from the Black 
Tiger to the Eclipse in the oxidized zone would require a tunnel 
about a mile long. If it should be demonstrated, that large ore 
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bodies exist near Monarch below the level of the ground water, 
of which there will doubtless be a large flow, it may be found 
economical to prospect tins contact by a tunnel which could be 
used also for drainage. Such a tunnel, having a length of about 
9,000 feet, would drain the area near Monarch to a depth of 
about 600 feet below the level of the creek. 

The faulted ground at the head of Taylor Gulch and west ol 
the head of the gulch should be carefully examined. Many shallow 
mines have produced good ore, but no deep prospecting haa been 
done except in the Jewell tunnel. 

On the east side of Taylor Gulch there has been much oxida- 
tion of the ores, though perhaps less than on Monaarch Hill. 
A 'considerable part of this ore is in contact with quartzite, 
granite, or porphyry. Where this is the case, if not also where 
the ore is completely inclosed by limestone, it may be expected 
that at least part of the zinc and silver has been carried to a 
lower level to be precipitated as secondary sulphides. 

The moraine-covered synclinal fold southeast of Cree Camp 
would appear to be promising ground, notwithstanding synclines 
are generally considered unfavorable for ore deposition from 
ascending solutions. However, there was probably considerable 
fracturing of the limestone in this sharp fold. The valley that 
has been formed by erosion is evidence that the rock here was 
less resistant than the rock on both sides. Fractured and readily 
replaceable limestone dipping toward the border of a large body 
of iutmaive rock should form a favorable outlet for any possible 
metallic emanations. A shaft sunk through the moraine into the 
limestone a short distance above the granite, and a few cro^cuts 
in addition, if necessary, would cost a comparatively small 
amount, and should demonstrate the presence or absence of an 
ore body. The ore bodies of the Garfield, Lilly, and Clinton mines 
are on the same contact and not far distant. 

Although large contact deposits have been mined in a number 
of districts, in general this type tends to be bunchy. In regard 
to^ the persistence of the contact deposits of the Monarch district, 
only one thing is known, namely, that the contact itself goes 
down. Of contact deposits Lindgren' says: 

Although cases may be easily conceived In which the deposits would 
conUnue In depth and length for several thousand feel It Is far more com- 
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mon to find th«m irregular and spotted in their mineralization, bo that 
while there ta no genetic reason why they should not be continuous to the 
greatest depth attainable by mining they will as b. matter of fact often 
give out when least expected. Owing to the irregular surface ot contact, 
the finding of the continuation of lost ore bodies Is often very difficult. 
Slight changes of composition and texture of the rocks Influence their 
susceptibility to contact metamorpblem to a very surprlelng degree. Few 
mines on contact deposits have been worked at a greater depth than 
a few hundred feet. Oxidizing surface waters may greatly enrich contact 
deposits of poor grade by the de%'elopment of oxidized ores; tliU espe- 
daily refers to copper deposits although such oxidized ores rarely extend 
downward more than a few hundred feet at most and this only In very 
dry cltmates. 

Nevertheless, indications at the surface and in the shallov 
workings of the mines of the Monarch district in which contact 
deposits are found, fuUj justify a moderate outlay in develop- 
ment work. 

It is not improbable that manj flssnre veins carry ore in 
(sufficient quantity to be profitably mined if a concentrating mill 
were built within easy reach of the mines. The streams carry 
abundant water, at least during the summer, for milling purposes. 
Surface openings are so numerous in the fissure veins that, with 
a small expense for removal of waste, many of the veins conld 
be systematically sampled. It is probable that in the glaciated 
areas the ore minerals near the surface are almost exclusively 
primary sulphides and that values will change but little with 
increasing depth as far down as the veins carry ore bodies of 
workable size. In the unglaciated areas a change in value may 
be expected with increasing depth. The quartz in these veins 
near the surface may be nearly barren, as in the Moose vein. 
Vet the Moose vein has produced high-grade ore at a depth of 
a few feet. 

DESCRIPTIONS OF MINES 

Many <if tlio iiiiiics which wcif foruicily prodni'crs have been 
idle for a uumbcr of years. The ore bodies and stopes of these 
were inaccessible Ife the field party btnause of their caved con- 
dition or bad air, or both. Thic also applies to the earlier work 
ings of the large mines operating at the present time. 

A few mines have been worked through vertical shafts, a 
number through inclines, but by far the greatest part of thi- 
ore mined has been hauled out through tunnels. Electric power 
is supplied by the Salida Light, Power & Utility Coiiipany 
whose plant is near Maysville. 
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No timbering is required in man; places where tbe tunnels 
pass through barren rock, but the walls are generally not self- 
supporting adjacent to the ore bodies. Here square sets are 
tommonlj used both in the drifts and in the larger atopes. A 
few of tbe smaller slopes are stuUed but many of tbe larger 
ones are several sets high and many sets wide. 

For convenience tbe mines are considered in groups of tbe 
following localities: Monarch Hill, Taylor Oulch, Cree Camp, 
Middle Fork and tributaries, and Korth Fork and Browns Gulch. 
A summary of the geology of these areas was given in Chapter 
VII. Following these groups are brief descriptions of a few 
miscellaneons small mines and prospects outside of the areas 
named. 

MINES OF MONARCH HILL 

The mines of Monarch Hill which have produced ore since 
the Survey party began work in the district, in 1909, are the 
Madonna, Hawkeye, Bilent Friend-Fairview, Wilson, Eclipse, 
Oshkosh, and Little Wonder. 

MADONNA MINE, 

Eiatory. — Soon after the discovery of the Madonna mine, 
by Smith and Qray, it was sold to a company of New Tork and 
Iowa men who erected a small smelter at tbe foot of the bill 
for the purpose of smelting the ores of their mine. Partly be- 
cause of the lack of siliceous ores that were needed to flux tbe 
basic Madonna ores and parti; because of the high cost of coke 
which had to be hauled 20 miles by wagon, tbe smelter was not 
a success. The ore which the Madonna was then producing 
was of too low grade to pay for tbe long haul to tbe railway at 
Maysville, and consequently tbe output was small before tbe 
mine was purchased by A. Eilers and bis associates in 1883. 
From that time until the nineties, the mine was worked, under 
the management of Mr. Eilers, by the Colorado Smelting Com- 
pany which included the former operators. 

From 1883 to 1S94 production was continuous. Since 1894 
Che mine has been closed for short intervals, but ore has been 
produced every year. Various leasers have operated tbe mine 
for over 15 years. In 1908 the mine was leased to the Monarch- 
Madonna Mining Company, which, under the management of 
K. E. Burton, has operated the mine to tbe present time. 
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Soon after the lease was secured, while the lower-grade 
ores ot levels 4 and 5 were being mined, a tunnel was driven 
about 1,500 feet in tbe limestone, about 450 feet below No. 5 
level, with the intention of opening the ore shoot at greater 
depth. In January, 1910, in a crosscut from this tunnel^No. 
6 — a large ore body of higher grade than had formerly been 
found in the mine, was encountered. From the time of dis 
covefy of ore on this level until the winter of 191011 ore was 
continuously shipped from No. 6 level by the Monarch-Madonna 
Mining Company while sublessees were taking ore from higher 
levels. In 1910 the output of the mine was the greatest of any 
year since 1889. 

Further to develop the mine the sinking of a winze began 
late in 1910 and continued successfully to a depth of about 100 
feet in dry ground. The heavy flow of water, however, in the 
winze, when the melting of the winter snow began, forced the 
iDstallation of a pump. This pump was of too small capacity 
to handle the water, aud work in the winze was consequently 
suspended until December, 1911, when, the water having low- 
ered, work was resumed, and the winze sunk to a depth of 15u 
feet below the tunnel level. A pump with a capacity of 500 
gallons a minute was ordered for delivery April 1. The factory 
failed to make the delivery promptly and a pump with a capacity 
of 160 gallons a minute for a depth of 500 feet was installed. 
This was inadequate, but by supplementing it with a bucket it 
was possible to run levels at 100 and 150 feet below the tunnel 
level and to ship much high-grade ore. Late in July the single 
over-taxed pump broke, and work was temporarily abandoned 
below No. 6 level. During the remainder of the year shipments 
continued from tbe upper levels. 

Production. — The Madonna mine has produced about 
ti4,9O0,j)00 worth of ore. Mr. Eilers has generously compiled a 
table, from figures taken from the books of tbe Colorado Smelt- 
ing "Company, which shows the output of the mine by years 
from 18B4 to 1909. This table, to which have been added the 
Dgures for 1010 and 1911, kindly furnished by Mr. Burton is 
sbown on page 239, with modifications. Short tons are substi- 
tuted for pounds given by Mr. Eilers and gross values take the 
place of net proceeds. The percentage of lead and zinc, and the 
ounces per ton of gold and silver are based on net weight—that 
is, the gross weight less moisture. The average commercial 
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ralae in New York, for eacli year, is given for silver, lead, cop- 
per, and zinc. The coinage value of gold is given. At the tim<> 
of writing the figures for 1912 have not been compiled; but iu 
view of the high grade ore shipped from the lowest levels in thcr 
earl; summer as well as the lower-grade ore from the upper 
levels throughout the year, it is probable that the production 
has been sufBcient to bring the total output up to $1,900,000. 
This does not take into consideration the email amount pro- 
daced by the former owners. 

Development and equipment. — The Madonna has been 
woriced throngh 'taeven tannels (Nob. to 6) . These tuunels are 
all connected b; winzes and slopes; drifts and crosscuts have 
been run on intermediate levels. The vertical distance from 
the surface above Zer» level to the bottom of the winze sunk 
from No. & level, is about 1,176 feet. 

The mine is equipped with electric lights, electric hoist, and 
an electric drill which is used only in development work. It 
is proposed to install a steam plant and generator to soppl.v 
[>ower for pumping during the emergencies that arise when the 
current supplied by the Salida Light, Power & Utility Company 
is temporarily cut off. A gravity tramway connects the ore- 
house at the railway siding with the higher levels. The ore 
from No. 6 level is hauled by wagon a few hundred feet to the 
railway siding. 

Oeological features. — The writer has seen the ore bodies and 
btopes on No. 6 level and 120 feet upward, and from 100 feet 
above to 160 feet below No. 6 level. The winze on No. 6 was 
filled with water when the mine was visited in 1911, and filled 
to the 100-foot level below No. 6 when the mine was visited in 
1912, twenty-four hours after pumping had stopped. With this 
explanation the reader can readily judge how much here recorded 
is the result of personal observation. Notes concerning the 
upper levels and the levels below No. 6 have been furni^ed by 
Messrs. Eilers and Burton and the mine superintendents. 

The lai^st ore shoot lies in and near the Madonna fault 
which was described in the chapter on structural geology, but 
other payable ore bodies were found between this and the May- 
flower fault. Many branches extend from the main shoot into 
the limestone on each side of the fault. These brancbee are said 
to follow the stratification planes on the southwest, but to be 
more irregular in the broken ground on the northeast bide of 
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the fauil. Plate XXII shows, br the positioD of detached inaBHee 
of ((uartzite surrounded by ore, the brokeu rharactPt of the rock. 
The same plate shows also tJie size and geological position of the 
largest ore body. On the upper levels the ore was chiefly between 
limestone walls and many feet from the granite. The ore was 
in small part in, or in contact with, the "parting qa'artzite". 

The main shoot held its course in the fault fissure, entirely 
in the limestone and quartzite, at a practically uniform distanct* 
from the granite, down to No. 4 level. Below Ko. 4 level it 
gradually approached the granite until, at No. ti level, it is in 
contact with the granite hanging wall of the fault, and thus 
continues to the lowest depth reached in the mine. Below this 
Kboot, in and near the same fault, a copper-ore shoot was mined 
from No. 4 level to 50 feet below No. 5, where the copper ore 
seems to grade into silver-iron ore. Between levels 4 and 5 the 
granite northeast of the fault formed the footwatl of the copper- 
ore shoot which was about 300 feet, horizontally, southeast of 
the main shoot. The two shoots, gradually converging, united 
just above No. 6 level. 

Although mineralization was contiunous from Zero level to 
the bottom of the winze below No. 6, from No. 4 to about 200 
feet below No. 5 payable ore bodies were connected by only nar- 
i-ow iron-stiiiued joint-planes. In at least one place below No. 5, 
such a mineralized streak connected two large ore bodies only 
three or four feet distant from each other. In this part of the 
mine, however, the rock is badly broken and the ore seems to have 
been in large part a little northeast of the fault. The copper-ore 
siioot was continuous. 

The main shoot had latter dimensions on No. 3 than on any 
other level. Here the maximum width was 80 feet, and stope 
length 200 feet. On No, 4 level the maximum width was 60 feet, 
and stope length 170 feet. On No. 5 level the ore body averaged 
about 2.T feet wide by 50 to 60 feet in stope length. On No. 6 
level the stope length was 96 feet. For half this distance the 
shoot was two sets wide (11 feet) ; for the oth§r half the average 
width was 5 or 6 feet. When seen, the stope was 120 feet high, 
vertically, and still in ore. At 50 feet above the tunnel level the 
ore body was nearly three sets wide through a stope length of 
several sets. On the 150-foot level below No, 0, the stope length 
is 70 feet ; the greatest width is 17 feet. 
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Meaaured on the plan of the mine, and inatciDg allowaoce 
for the nortti west ward extension on the 150-foot level below No. 6, 
the horizontal range of the ore. as developed, is approximatel.v 
JJ3&0 feet. The vertical range is about 1,475 feet. DiBr^:ard)ng 
The several narrow and lean intervals on iiud near No. 5 level, 
which are compensated by the copper-ore shoot on the granite,' 
the ore forms practically a continuous shoot. The pitch length 
of this shoot, calculated from the flg:nre8'given above, is approxi- 
mately 1,990 feet. The same figures show the average dip to be 
about 48°, which is several degrees higher than the average dip 
of the granite- limestone contact. The writer, in making a cal- 
culation for the preliminary report published in 1910, used the 
average dip of the granite-limestone contact which, with an error 
in the vertical range of the mine, resulted in too high an estimate 
of the probable length of the known shoot. 

From what has been said above, it is evident that the main 
shoot is very irregular in form. In places it swells to large 
dimensions where it has a more or less lenticalar form. Again, 
it may pinch to practkally nothing. From No. 4 level upward 
and from about 2110 feet below No. 5 downward to the bottom of 
the present working.s the ore has been continuous. 

The copper-ore shoot mentioned was about 3 to 6 feet thick 
by GO feet wide froru No. 5 level to 200 feet above. 

In addition to the two shoots mentioned several smaller 
bodies have been mined on Nos. 3. 4, and 5 levels. On No. level 
at about 250 feet east of the main fault a drift along the lime- 
etone-granite contact opened up a large body of limonite, in 
badly broken and apparently faulted ground, but no payable ore 
has yet been found here. 

As a rule, the ore passes by gradations into the wall rock. 
The limestone near the ore may carry oxidized ore or, less com- 
monly, diuiiemiuated galena. In places the boundary between the 
yellow, iron-bearing lead-tarhouate ore and the brown limonitic 
ore poor in lead, gold, and silver is sharper than the boundary 
between the ore and the wall i-ot-k. 

Stream-laid sand in thin seams to beds three feet thick are 
common below No. 5 level and also on the lowest level of the 
mine. Ore may be above and below these sand deposits, but the 
sand itself does not carry values. A vein-like mass of small 
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distorted quartz crystals bordera the streak of high-grade ore 
below No. 6 level. 

Character of the ore. — Excepting bunches of residual galena 
and a negligible quantity of possible tellaride, all the ore hitherto 
produced by the Madonna has been oxidised ore. From the sur- 
' face to No. 3 level the ore of the main shoot was chiefly silver- 
bearing, yellowish lead carbonate which carried 6 to 7 ounces 
silver per ton, 25 to 30 per cent lead, and an excess of iron. 
Between levels 3 and 5 the ore was chiefly brown limooite that 
carried about 5 to 7 ounces silver per ton, but only 2 to 10 per 
cent lead. A few hundredths of an ounce of gold per ton was 
found in part of the ore on No. 5 level. From No. 5 down to the 
1,00-foot level below No. 6. the quantity of iron and lead has 
remained fairly uniform while the amount of gold and silver has 
steadily, though irregularly, increased. Where the ore was in 
contact with the granite it carried an excess of silica. On the 
150'foot level below No. 6 the ore carries high values in gold and 
silver, some lead, and 10 to 25 per cent excess silica. The last 
three carloads from this level averaged 1.06 ounces gold and 121 
ounces silver per ton and 7 per »*nt lead. 

A narrow streak of high-grade ore one to 6 inches wide 
iiccompanies the ore on the lower levels. This streak is usually 
not more than one to five feet from the limestone and roughly 
follows the limestone wall — that is, where the ore body wid^is 
rlie streak hows northeastward. This streak is also described as 
very irregular in dip; in places it is nearly flat, in others it dips 
steeply. Samples from this streak show two varieties of ore. 
One variety is brown and composed chiefly of small cerussite 
crystals with interstitial limonite. The other variety is dark 
brown to black, earthy or sooty materia) which contains much 
i-ei-ai^rite, minute grains of ui^entite and pyrite, and minute 
irystals of cerussite and quartz. On assay, by Mr. Watts, the 
first variety yielded 10.40 ounces gold and 756.40 ounces silver 
per ton, and 48.0 per cent lead; the second variety carried 65.10 
ounces gold and 5,974.00 ounces silver per ton and 24.30 per cent 
lead. 

Over f30l).OUO worth of zinc ore, smithsouite and calamine, has 
been mined ou levels 4 and 5 in recent years. But a small part of 
tills ore came from No. 5 level and not any has been found below 
that level. Si>ecimens on the dumps at the higher levels indicate 
that the zinc ore may run nearly to the surface. As shown in 
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the table the zinc ore proper carries 30 to 34 per cent zinc in 
carioad lots. The zinc ore body is very irregular in Bhape. It 
ranges from a few incbeii to 12 feet thick by 15 feet wide. The 
greater part of the zinc ore lies below and in contact with the 
main body of silver-bearing limonite, though it is also found 
bordering the copper ore. 

The copper ore was chiefiy malachite with limonite. It 
carried silver, lead, and 1.5 to 12 per cent copper. On and near 
No. 5 level it carried as high as .12 ounces gold per ton. 

On No. 4 level, in addition to the copper-ore shoot and the 
main body of low-grade ore, a smaller lenslike body was mined 
which carried .04 to .25 ounces gold and 5 to 6 ounces silver 
per ton, and 2 to 10 per cent lead. No occurrence of gold was 
reported above No. 4 level. 

HAWKBXE MINE 

This mine was opened miicb more recently than most of 
the mines of the Monarch district and all parts of it, except one 
winze, are accessible. The main tunnel was driven about S. 
45° E, 550 feet in granite to the granite-limestone contact, and 
thence along the contact 300 feet, bearing S. 20° to 25° W. the 
greater part of the distance. Along the contact tbe granite 
forms tbe hanging wall, the plane of contact dipping northwest- 
ward 40° to 60°. Near the breast of the tunnel an ore shoot 
was encountered which baa been worked upward nearly 200 
feet along the pitch and, when examined, bad been worked 75 
feet along the pitch below the tunnel level. Above the tunnel 
level the ore body removed would average perhaps six to eight 
feet each way in cross-section.. Granite forms the hanging 
wall which dips northwest\vard 25° to 40°. In July, 1912, at 
the bottom of the winze, this shoot was 30 feet wide and in thu 
middle waa seven feet thick; it thinned to three feet at the 
south side and two feet at the north side. The ore at the bottom 
of the winze was chiefly silver-bearing lead carbonate and 
limonite with some galena, and was said to run about fl4.00 
per ton in carload lots. 

Five hundred seventy feet from the tunnel entrance a cross- 
cut was driven through the limestone to the east limb of the 
synclinal fold where it cut an ore shoot lying on the granite 
footwall which dips northwestward 28° to 40°. A winze has 
been soiik a short distance, and the ore has been stoped out 
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above tbe tUDQel level for 250 feet along the pitch. The ore 
body was largest a short distaace above the tuncel level with 
a maximum width of 66 feet. The Btulls here are four to nine 
feet long with an average of perhaps six feet. About 85 feet 
higher the shoot was 55 to 60 feet wide, and nearly eight feet 
thick. At this point a fault of small displacement was seen in 
the foot-wall of the stope. The strike of the fault is nearly 
coincident with the direction of tbe pitch of the shoot — that is, 
tbe ore is found along tbe line of faulting. The upthrow is on 
tbe southwest side and the displacement la about three feet. 

Tbe ore showing ai the head of tbe stope is scarcely three 
feet thick, a fact which evidently discouraged further develop- 
ment work at this point. It is very probable that tbe miners 
left the main shoot. Here the granite wall stands nearly vertical 
and strikes N. 20° E. which is the normal strike of the granite- 
limestone contact in this vicinity. The ore shoot pitches about 
N, 40° W. through most of its known extent. The miners fol- 
lowed the contact mentioned some distance B. 20° W. instead 
of their former course about S. 40° E. A bend of about 60° 
was, therefore, made. A drift along tbe contact toward tbe 
north would demonstrate whether or not the workmeu turned 
away from the main shoot. Tbe ore of this shoot is chiefiy 
silver-bearing lead carbonate with some galena and is said to 
be of higher grade than that of tbe shoot near the breast of the 
tunnel. 

The only map at hand is one based on compass readings and 
paced distances and can not, tbei-efore, be more than approx 
imately correct. From the relations of the two shoots men- 
tioned, as platted on the sketch map it seems not improbable 
that the shoots may meet at the bottom of the syncline. If 
they do so meet and at whatever distance below the tunnel 
level, a good ore body is likely to be found at tbe bottom of the 
fold. 

It is proposed to develop the Hawkeye property by driving 
a tunnel, No. 3, about 200 feet lower than the tunnel through 
which tbe mine has been worked. ' This lower tunnel, which has 
been driven 300 feet or more in the granite had not yet reached 
the limestone when the writer visited the district in 1912. 

The Hawkeye mine was idle in 1009. In 1910 it was pro 
ducing for several months, but was idle again in 1911. In July, 
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1912, a BDiall force was taking ore from the winze near the 
breast of the tunnel. 

The mine is equipped with electric hoist and fan and elec- 
tric lights. 

SILENT PBIEND AND PAIEVIEW MINES 

There Is little doubt that the Silent Friend, with the Fair- 
view, ranks third among the mines of Monarch HiU id total out- 
put to date. As neither the Silent Friend nor the Fairriew has 
been worked on a large scale for many years, most of the old 
stopes are inaccessible. However, the writer has seen part of 
the old workings on the second, third and fourth levels. 

The mala tonnel of the second level was started in the 
Ordovician limestone and driven about S. 75° E. to the lime- 
stone-granite contact about 700 feet from the portal. Ore was 
encountered at about 200 feet from the portal, and was sloped 
upward at least 50 feet. The ore removed was mainly oxidized, 
but when the mine was visited there remained several patches 
of galena. Blocks of galena a foot in diameter have been re- 
cently removed from the stope, A winze nearby, about 3 by 5 
feet is reported to have been sunk in ore 100 feet. The ore 
shoot was in what appears to be a fault that was described in 
the chapter on structural geology. Crosscuts several hundred 
feet long were driven into the limestone both near the granite 
and at a distance of a few hundred feet, but no ore was found 
except that already mentioned. 

The Silent Friend No. 3 tunnel, starting on the Fairview 
claim, was driven for a considerable distance near the contact 
between the limestone and granite on the west limb of the 
bynclinal fold. Though the tunnel in this part of the course 
is mostly in limestone, masses of granite forced into the lime- 
stone by shearing stresses are frequently seen. Several car- 
loads of oxidized ore have been taken from the border of an old 
stope on this level by the Bundbye I^easing Company during the 
past few years. 

The Silent Friend No. i tunnel, starting in the granite, was 
driven southeastward into the limestone. At about 865 feet 
from the portal of the tunnel a winze said to be 140 feet deep, 
was sunk on the Fairview claim. At the time of examination 
there was about one foot of good carbonate ore showing at the 
side of the winze not far below the tunnel level. Presumably 
the ore at the center of the shoot was much thicker. The ore 
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Bboot, which here pitches toward the northwest, is said to have 
been worked out nearly to the surface on the Silent Friend 
claim, and waa probably tbe same as that seen on the third 
level. Since the hanging wall is granite and the foot-wall iu 
limestone it seems probable that this may be the same shoot 
as that near the breast of the Hawkeye tannel. Whether or not 
the second and larger shoot of the Hawkeye mine waa opened 
on the third and fourth levels of the Silent Friend is not known 
to the writer since only part of these levels are now accessible. 
JuBt north of the winze on the fourth level is a sandy deposit 
about two feet thick and 14 to 16 feet wide. This deposit, which 
is composed chiefly of quartz sand with some calcite, is stratified, 
cross-bedded, and somewhat consolidated. The sand has an ap- 
pearance similar to that of sand laid down by ruDoiDg water on 
ihe surface; it was evidently deposited by desceiidiDg ground- 
water which here flowed in a channel of considerable dimensions. 
The late Mr. D. F. Hamilton, who was once superintendent 
of the Silent Friend and Fairview mines, kindly furnished the 
information which follows. The main Silent Friend ore shoot, 
. whose average dip was about 45° N. 34° W., was stoped contin- 
uously through a vertical range of nearly 700 feet. This gives 
a pitch length of nearly 1,000 feet. The shoot had a maximum 
thickness of 50 feet and was square-set throughout the entire 
distance through which it was worked. The shoot, following a 
somewhat spiral course, was in part close to the granite but ran 
oat into the limestone 40 to 60 feet in places. It was thinnest 
where dipping toward the granite. The best ore was galena which 
carried 20 ounces silver per ton and about TO per cent lead. 
Where the one was near the granite it carried a small quantity 
of gold. 

WILSON MINE 

This mine has been developed through two tunnels on the 
Wilson and Enter claims. In the summer of 1909, leasers were 
shipping from the lower tunnel a few carloads of zinc-lead ore 
which had been left on the hanging wall when the mine was 
formerly producing. Tbe total thickness of the vein, where seen, 
was five to six feet. All but about two feet from the upper part 
had been removed several years ago. 
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The Eclipse .was one of the first mines of the district to 
produce ore in considerable quantity. There is no doubt that 
:d output it ranks next to the Madonna. 

A good idea of the geological conditions in the Eclipse mine 
may be gained from an examination of the plan and section 
{Figs. 12 and 13), The ore is fonud in two distinct shoots — one" 
lying on the granite, the other just below the quartzite. The 
granite shoot extends below the fourth level while the quartaite 
shoot was lost several hundi-ed feet above. At this point a thrust 
fault hading S. 58° W. brings the ore up against the end of the 
quartzite stratum which forms the footwatl on the northeast. In 
this fault flesare the ore was galena with lead carbonate. Several 
pieces of solid galena four to five inches in diameter may still 
be seen. A few feet below in the same stratigraphic position is 
a large body of limonite reported to carry a small amount of 
tiilver and gold but of too low grade for shipping. No effort has 
been made to determine whether or not the ore body continnea 
below the quartzite northeast of the fault. It is not clear whether 
the faulting at this point occurred before or after the ore deposi- 
tion. Indications point to the former alternative but the evi- 
dence noted was insufficient to justify a conclusion. There is 
strong evidence thaj this is the Mayflower fault, and if so, it was, 
probably formed prior to mineralization. A short distance sonth- 
east higher up in the stope, grooves on the hanging wall indicate 
that movement on this plane has been in part comparatively 
recent. 

Mr. J. L. Farrell, former superintendent of the mine, gives' 
the following information. The quartzite shoot, discovered at 
the surfa<:e, was cut successively by Nob. 1, 2, and 3 levels. On 
No. 2 level there were 110 square sets (4 by 5 ft) on the sill floor 
in the quartzite shoot, and the size of the ore body remained 
jiractically the name up to No. 1. The shoot grew narrower below 
No. 2 where it formed a stull-stope 5 to 12 feet thick from No. 2 
to No, 2 intermediate. Below this the ore was somewhat bunchy. 
The granite shoot was cut successively by levels Nos. 2, 3, and 4. 
The thickest part of this shoot was encountered on No. 3 level 
whfere it was about 25 feet thick by 80 feet wide. Both shoots 
bear slightly to the right of the dip as they descend. 

' The bnlli of the ores shipped carried their chief values in 
lead and silver. Before 1893 the shipments carried 25 to 50 per 
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cent lead, but later, ore wa« shipped which carried only 5 per cent 
lead. About half the lead content was in the carbonate form, 
the remainder was sulphide. Jo general, the higher the lead 
content, the greater were the silver valueq. The highest silver 
returns in a carload lot were 28 ounces per ton. The silver 
averaged about S ounces per ton. The ore shipped since 1S93 has 
carried a small amount of gold. 

A considerable body of zinc car1)on8te and zinc silicate was 
found above the Bilver-lead ores in the granite shoot from No. 2 
intermediate to No. 4 level. This ore carried silver values and 
was sometimes mixed with the lead ores in such proportion that 
the zinc content was kept below the 10 per cent limit fixed by 
the smelter. Excepting a few carloads shipped within the past 
few years the zinc ore was never sold as such by the company, 
but in 1906-6 the Paul brothers, who were woriiing the mine 
under lease, shipped considerable zinc ore. A small amount of 
copper ore occurs in the granite shoot also, but no zinc or copper 
was found in the quartzite shoot. 

In 1909 this mine was leased by the Oiant-Eclipse Mining 
<'ompany; a few of the old levels and slopes were cleaned out; 
and considerable ore has been shipped. There is a large amount 
f'f low grade zinc ore in siglit. Preparations are now being made 
to ship low-grade zinc ore from above the fourth level. 

When ttie writer visited the Eclipse mine in July, 1912, the 
winze below the fourth level, started in the shoot just above the 
granite, had reached a depth of 300 feet on the pitch. A streak 
of ore was followed all the way down. This streak began to 
widen at 250 feet below the fourth level and at 300 feet about 
eight by ten feet of ore was exposed. The ore here was chiefly 
limonite carrying low values in lead and copper. Where seen, 
the best copper ore— chiefly malachite with much limonite — was 
on the footwall at the northeast aide of the ore body, and did not 
extend across to the southwest side. The ore is evidently in and 
near the fault plane which showed a displacement at this point 
of at least one foot. When the mine was visited the ore bins 
contained about two carloads' of ore from this winze. Later in 
the year, Mr. Clyde H. Jay, of the leasing company, wrote that 
developments showed the ore body to be about 16 feet thick and 
to cross the course of the winze at an acute angle. Mr. Jay re- 
ports that about two feet of the ore on the footwall side runs 
.04 ounces gold and 15.8 ounces silver per ton, 32.8 per cent zinc. 
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and very little lead; about four feet ruDS 22 per crait zinc; while 
the remainder is low-grade iron ore. The winze is being con- 
tinued in the limeetoue, and it is proposed to crosscut for the 
ore 100 feet below. 

No, record of tonnage or gross values has been preserved b; 
the Eclipse Company. But Mr. W. K. Spinney has kindly fur- 
Lisbed the figures for the net receipts (groes value less freight 
and treatment charges) by years from 188T to 1907 and Mr. Jay 
has giren the figures of the output for December, 1909, to April, 
1911. Disinterested miners in the district assert that the greater 
part of the total output of the Eclipse mine was produced before 
1887. The report of the Director of the Mint, for 1883, states 
that at that time about 3,000 tons of ore was blocked out and 
that the bins contained about 1,000 tons, having an average value 
of 155.00 per ton. -The net receipts from 1887 to April, 1911, 
were ?585,670. 

APBIL POOL AND CONTACT MINES 

Each of these mines was worked through a short inclined 
(■haft in the limestone just above the granite. Both mines are 
now caved, having been idle since the eighties. The dumps are 
hinall; evidently but little development work was done. The 
April Fool is reported to have produced at least three carloads 
of ore and the Contact about 20 carloads. The ore is said to have 
been lead carbonate running high in lead. The report of the 
Director of the Mint, for 188fl, gives the value of the output of 
the April Fool for that year as f 1,072, the values being in silver 
and lead. 

EVENING STAB UtNB 

The Evening Star ore shoot was discovered on the Little 
Chief claim from which it was worked through an inclined shaft 
sunk in the ore. The Evening Star tunnel, driven later along 
the contact, crossed the old workings about 70 feet above the 
end of the incline, but no ore has been taken from the tunnel. 
At the tunnel level the ore body was nearly two feet thick and 
12 or 13 feet wide. A little galena, in rotten granite, can be seen 
on the foot-wall. Below this point the shoot is reported to nar- 
row north and south and thicken at right ingles to this direction. 

It was possible to descend 120 feet, or more, from the collar 
of the incline in 1909. As a rule the ore lay close to the granite, 
bnt in the limestone. Some galena and limonite were seen in thf 
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litneBtoDe walls as a replacement. At 120 feet below the surface 
the width is 50 feet or more. Tbe thickneee is much greater than 
, that at the tunnel level below. Mr. William Miller, one of the 
owners, states that low grade zinc ores extended from 40 to 130 
feet below the surface but not to greater depth. He reports a 
lofal output of 600 tons which averaged |20.00 a ton. The prin- 
cipal values were in silver and lead; two carloads yielded 90 
cents a ton in gold. 

DBLAWAHB MINE 

This mine was also worked through an inclined shaft which 
IS now caved. Mr. Miller reports output and values approzi- 
roatel.v the same as those of the Evening Star. At the bottom 
of the shaft oxide of manganese was encountered, but carried 
no values. 

BLACK TIOEB MINE 

Tins mine is reported to have produced eight or ten carloads 
of lead-silver ore in 1881. Judging from tbe workings, which 
were in part accessible in 1909, the main shoot was three or four 
feet thick at tbe tunnel level and 9 feet wide. The ore lay in 
limestone about three feet from the granite. The croppings show 
qnartz and a tittle iron stain and galena. 

FAIEPLAY MINE - 

This mine was located in 1878 by the Boone brothers and is 
rejwrted to have shipped a considerable tonnage in the eighties. 
Xo figures arc available for that period. Since the present own- 
era have opei'afed it the production has been 728 tons with a 
gi-oss value of $14,974.00. 

All the Fairplay workings are in the limestone above the 
"parting iiuartzite." The ore was formerly hoisted through two 
shafts but more recently a tunnel, a little above the level of the 
creek, was driven about fiOO feet. Three or more upraises from 
the tunnel were driven in ore. A winze 90 feet deep has been 
sunk from the tunnel level, Slickensiding and several narrow 
calcite veins, seen ou the tunnel walls, indicate faulting. Speci-- 
mens of ore from the bottom of the winze contain a considerable 
proportion of galena. 

LITTLE WONDBB MINE 

This mine has produced several carloads of ore from near 
ihe surface but the ores are pockety like those of other mines 
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which have not yet been developed below the quartzite. In 1909 
several tons of galena were taken from a pocket within 20 feet 
of the surface. 

GREAT MONABCH UINE 

The Great Monarch vein outcropped in a conspicuous fissure 
in a limestone cliff, and has been developed through a shaft and 
adit to a depth of perhaps 200 feet. Mr. Thomas Penrose states 
that the shoot was eight to ten feet wide for tlie first 30 feet, but 
narrowed to two inches for the next 60 feet. Below the adit level 
a winze was sunk 60 feet on the shoot which remained rather 
narrow but did not pinch out. The ore was galena and lead 
carbonate carrjing about 20O ounces silver per ton. Within the 
past few years several carloads of zinc ore have been shipped 
from near the surface. 

A tunnel has been driven some 1,200 feet just above the creek 
level on this property, but has not yet cut any payable ore bodies. 

LITTLE CHAHM MINE 

This mine is on the same lead as the Great Monai-ch and has 
been worked partly through the discovery shaft and partly 
through the Great Monarch adit. The ores of this mine were 
similar to those of the Great Monarch but ran somewhat higher 
in silver. - According to Mr. Penrose both silver chloride and 
stephanite were present. 

For the Little Charm mine the record for high grade ore in 
a carload lot (10 tons) in the early days, was claimed. Mr. J. 
Scott Boyd, General Manager of the Monarch Pool Mining Com- 
pany, gives the following as the smelter returns from this car: 
0.48 ounces gold and 226.2 ounces silver per ton, 2A5 per cent 
lead, 7.65 per cent zinc and 0.15 per cent copper. 

OTHER MINES 

The Ben Bolt, Elkington, Paymaster, and Oshkosh have pro- 
duced more or less ore, but all were idle when the Survey party 
was working in the district and the ore bodies were inaccessible. 
Several of these have had an output greater than a few that have 
been briefly described. 

The lugersoll mine south of Garfield is reported to have pro- 
duced a carload of ore. Several tons of ore, galena with some 
iron oxide, lay in the shaft house in 1909. A body of specular 
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hematite, Baid to be 40 feet thick, waa opened in a shaft a few 
yards Bouth. 

The ThirtySii-Thirty mine, southeast of the Ingersoll, is 
reported to have produced considerable ore many years ago. 
Much prospecting has been done in the vicinity, but no other 
payable ore has been found. 

PROSPECTS 

In addition to the two tunnels mentioned belotv, there are 
several prospects of mote or less promise. In recent years, how- 
ever, most of them have not been vigorously developed, only the 
annnal assessment work. being done. 

Marshall tunned— This tunnel, which starts in tbe Ouray 
limestone, was being driven toward tbe limestone-granite contact 
in the summers of 1911 and 1912. 

Monarch Contact. — The Monarch Contact tunnel was started 
in the limestone east of the "parting quartzite" and driven N. 37" 
W. 117 feet when the Lake fault was encountered. From this 
point the tunnel had been driven north along the fault about 600 
feet when it was seen in July, 1912. At 400 feet from the portal 
a crosscut was driven to the "parting quartzite" which is here 
about 70 feet east of the fault. A drift was run about 120 feet 
just west of tlie quartzite. 

The fault hades westward 10° where it was tlrst encountered 
and about 35° in the breast of the tunnel. Although the lime- 
stone is badly crushed close to the fault, the walls, for the most 
part, stand fairly well without timbering. The limestone is more 
or less crjstallized. Gouge, from a few inches to two feet thick, 
is continuous along the fault. In places, the granite and lime- 
stone have been crushed together and form a mass of uncemented 
fiiult-roi'fc. In driving the tunnel it was feasible to pick down 
much of the ground without previously breaking it hy blasting. 
The gouge is tight and dry and suggestive of rubber; it carries 
no mineral excepting occasional grains of pyrite. 

Little patches of good ore were found at intervals in the 
fractured fault-rock. The determinable minerals are galena, 
sphalerite, and pyrite, and are chiefly in thin seams filling frac- 
tures in the marble or granite. Assays, made for the Survey by 
H. F. Watts, on three samples gave the following results: 
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Sliver, ounces per ton 


173.50 







No zinc asHays were made. No ore, in payable quantity, had 
been found in tbis tunnel when last seen by the writer. 

Work along the "parting quartzite" shows that tlie distance 
between the quartzite and fault is widening toward the north, 
but the structural relationahips in this vicinity make it reason- 
ably certain that this divei^nce is local. If the faulting has 
been correctly interpreted the quartzite is cut by the fault some- 
where south of the saddle west of Syncline Hill, The quartzite 
is more or less broken and shows considerable iron stain. A 
shaft a short distance southwest of the portal of the tunnel is 
nearly 60 feet deep. This waa sunk 56 feet through morainal 
material, but the bottom of the shaft is in broken crystalline 
limestone. 

MINES OF TAYLOR OULCH 

In the early eighties there was much activity in Taylor 
(Tulcb and several mines are credited with a considerable output. 
Since the Survey began work in the Monarch district mining 
operations of greater or lees extent have been carried on in the 
Lilly, Eainbow-Eagle Bird, New York, Last Chance, Shamrock 
and Uajor, Oarfleld, and Mocking Bird mines, most of which have 
produced ore. Beside the assessment work done by individuals on 
unpatented claims, the Jewell tunnel has been driven nearly 
1,000 feet. 

OARB-IELD AND ALASKA MINES 

These mines are now owned by the Eureka Mining & Seduc- 
tion Company which owns a large group of recently patented 
i-laims on the east side of Taylor Gulch. 

Garfield mine.— The Gar&eld mine has been worked through 
a tunnel which starts just east of the gulch, in the Ouray limfr 
stone, and crosscuts the sedimentary rocks to the limestone- 
granite contact about 1,000 feet east of the portal of the tunnel. 
Excepting about 300 feet just north of the breast of the tunnel, 
drifts have been run north and south of the tunne! nearly 2,000 
feet along the contact or a few feet west of the contact. In 
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addition, the workingB include Revernl hundred feet of crosscutB 
and drifts as well eb a few upraises and stupes. Some years ago, 
oxidized ore was stoped above the tunnel level a short distance 
south of the tnnnel. This ore was in limestone not far from the 
granite. 

In recent years the mine has produced but little. However, 
an ore body has been disclosed by the annual assessment work 
which was done to hold the claims prior to the issuance of the 
patent. la a drift on the tunnel level, north of the main tunnel, 
a vein of Sulphide ore, varying from a few inches to 10 feet wide, 
has been followed about 600 feet. This vein is in the limestone, 
near the granite- limestone contact which it parallels. For the 
first 500 feet from the crosscut where it was first opened, the 
vein was narrow. At 500 feet north of the crosscut the vein 
widened to four feet where the drift passes to the east side of 
the vein. When seen by the writer, in July, 1912, the ore formed 
the west wall of the drift for about 100 feet. In this 100 feet 
the width had been determined at only one imnt by a crosscut; 
iu this crosscut the vein was 10 feet wide. Near the north end 
of the known sulphide ore body, granite formed the east wall 
of the drift — that is, the veinwas distant from the granite only the 
width of the drift. While the walls of the vein appear to be fairly 
sharply delined the wall rock contains a considerable proportion 
of disseminated ore, the amount decreasing with increasing dis- 
tance from the vein. A few blocks of unreplaced limestone are 
found in the vein. An upraise, started on the sulphide vein 
[lassed into oxidized ore a few feet above the tunnel level. A 
drift from the upraise about 15 feet above the tunnel disclosed 
six inches of pyrite on the border of the oxidized ore in which 
the drift was run. 

At 100 feet above the tunnel level the ore body seen by the 
writer at the top of the upraise, was 8 by 12 feet, and only one 
wall was showing. The ore was seven or eight feet thick in most 
of the upraise. At 35 feet a drift was run CO feet south. For 
.^0 feet of this distauce the drift was in ore 18 to 30 inches wide. 
Oxidized ore was also found on the tunnel level about 100 feet 
north of the north limit of the known sulphides. The drift, 
continued for 75 feet on the oxidized part of the vein, showed 
(he average width of the vein here to be about six inches. 

The sulphides are chiefly sphalerite, galena, and pyrite, with 
a little pyrrhotite. Any one of these minerals, except pyrrhotite, 
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may domioate locally. It is probable that the unassorted ore 
awaiting shipment in July, 1912, contaiued a carload, or more, 
that would carry at least 70 per cent zinc blende, or about 45 . 
per cent metallic zinc. But little ore with so high conteut of 
galena was seen. 

At 35 feet above the tunnel level the oxidized ore is largely 
limonite and cerusslte. Some of the cerussite is well crystal- 
lized. Occasional small patches of gateua which has escaped 
oxidation, may be seen surrounded by oxides and carbonates. 
This ore ia reported to carry also silver values and a little gold 
and to average about J40.00 per ton. At 100 feet above the tun- 
nel level the ore is of tow grade, having a large proportion of 
iron oxides. The oxidized ore north of the sulphides on the 
tunnel level, was reported to carry high gold values with some 
silver and lead. 

Alaska mine.— The Ala^a was worked principally from 
1886 to 1888. tn 1898 Harrington and Anderson shipped n 
little more than a carload from this mine. Mr. Andersou gives 
the following information: 

Forty-five feet west of the granite a shaft was sunk 110 feet 
on an east-west streak of ore. In all, there ore about 1,000 feet 
of drifts at 30, CO, and 100 feet below the surface. The ore was 
galena, hard carbonate, and iron oxide. The carbonate ore 
occurred in a shoot about 10 to 18 inches wide, extending along 
the north-south drift 30 feet. The shoot pitched north about 
three feet for each foot of vertical descent. A few tons shipped 
by Harrington and Anderson ran $37.00 in gold and 14 ounces 
silver per ton, 18 per cent lead, and 32 per cent iron. The west 
wall was limestone; the east wail was gouge material which 
extended to the granite. The galena, which carried 20 to 25 
ounces silver per ton, GO per cent lead, and no gold, was found 
in pockets of iron oxide above and below the carbonate shoot. 
The iron ore carried |7.00 to |I1.00 in gold and about 10 ounces 
silver per ton. It is not improbable that the Alaska ore was 
found not far from the upraise in the Garfield mine. 

Garfield lower tunnel. — From the creek east of Garfield vil- 
lage a tunnel, through which it was proposed to work the prop- 
erty of the Eureka Mining & Beduction Company, has been 
driven over 2,200 feet along the limestone-granite contact, but 
the breast of the tunnel is still a considerable distance from the 
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known ore bodies. No workable ore was found in the tunnel 
along the contact. However, a small amount of galena and zinc 
blende was discovered out in the limestone by crosscutting. 

Equipment. — ^Near the creek, at the lower tunnel, is a power 
plant containing boiler, engine, and generator, while the tunnel 
is equipped with electric liglits and electric drills. The mine, 
in the galch above, is equipped with motor, fan, and an electric 
drill. Ore can be carried to the railroad by the Lilly tram which 
passes over the Qarfleld dump. 

SHAMROCK AND MAJOR MINES 

The Shamrock mine has been worked through a tunuel about 
900 feet long from which extend several drifts, a few upraises, 
and winzes. Considerable ore was hoisted through a' shaft be- 
fore the tunnel was driven. 

The limestone is much broken and apparently faulted. A 
porphyry dike having an easterly trend passes through the mine, 
and shows very abrupt changes in dip and strike. Mr, F, C. 
Watson, who is leasing this mine, states that he took a carload 
of ore, carrying 1.58 ounces gold and a few ounces of silver per 
ton, from a pocket just above the porphyry. The greater part 
of the ore which has been found in the mine was in pockets. The 
tunnel follows a lead several hundred feet, but the vein exposed 
in the roof is less than three feet wide. 

The best ore found lay near the porphyry and quartzite, 
and in the quartzite. Prospecting near the granite has not been 
profitable here. No ore was found in tlie caves mentioned in 
Chapter VI. 

The Major mine has been operated through two shafts and 
a short tunnel; one of the shafts is about 40 feet deep. The ore 
replaces limestone not far from a porphyry dike which is prob 
ubiy the same as the dike in the Shamrock mine. Recently one 
carload of ore, assaying about 12 per cent copper, was shipped 
from a body about six feet across. The ore is chiefly azurite, 
malachite, and melaconite. Most of the ore produced by this 
mine in former years was silver-bearing lead carbonate. Three 
or four carloads of copper ore have been shipped. 

Most of the ore from the Major and Shamrock mines carries 
values in gold, silver, lead, copper, and iron. The two mines 
have produced about l,OflO tons of ore averaging |15.00 a ton 
net — that is, after paying freight and treatment charges. 
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LILLY UtNE 

This mine, which is owned by the Taylor Mountain Mining 
Company, is now worked through a tunnel 2,530 feet long. A 
few hundred feet from the breast a winze has been sunk 200 feet 
or more. The tunnel begins just west of the "parting quartzite," 
crosscuts the sedimentary beds to the granite eontaet, and con- 
tinues north in the limestone but a few feet from the granite. 
For nearly the entire distance along the contact the tunnel fol- 
lows a streak of limonite connecting several bunches and shoots 
of ore which have a maximum width of 8 or 10 feet on the tunuei 
level. The thickness is much greater. The best ore bodies on 
this level are of copper, but workable silver-lead and silver-iron 
ores have been encountered. (See flg. 15.) The Inrgest stope on 
the tunnel level is 35 feet high by KfO feet long, t^everal stringers 
lead out into the limestone but until recent jeare none of them 
had been followed. In 1911 a crosscut was started on the tunnel 
level, about 100 feet north of the shaft and driven west into the 
limestone 175 feet. This crosscut encountered ore at 53 feet 
fi-om the granite, according to Superintendent George H. Pur- 
mort, and was in ore 16 feet. An upraise was driven 30 feet in 
ore. The ore of this body is said to be silver-bearing cenissite 
which averages about 15 ounces silver per ton and 35 per cent 
lead. Farther north a connection was made through an upraise 
with the 230-foot level, that is, the level 138 feet above the tun 
nel. The upraise was driven in ore all the way except tlie first 
27 feet. The ore body here ia about eight feet wide and about 
1*5 feet fi'om the granite. In this body a banch of about 7,000 
pounds of almost pure cuprite, assaying 85 per cent copper, was 
found. 

A few bunches of ore have been stoped out on the first and 
second levels below the tunnel. The ore is reported to have 
carried 3 to 40 ounces silver and fl.flO to $3.50 gold per ton and 
10 to 15 i>er <'ent copper. 

Most of the ore taken from th'e mine, from the surface to 
the 230-foot level, was hoisted through the discovery shaft. More 
recently much ore was mined on the 230-foot level and hauled 
out through the main tunnel below. Large bodies of ore are 
reported in the old upper workings but can not be profitably 
mined because of bad ground and rotten timbere. 

As a rule i|uurtzite lies against the granite wall wherever 
ore occurs and varies in thickness from a few inches to perhaps 
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Biz feet. It laaj be coatinuous but there are no croBflcnte to it 
from the tunnel where Ore is not found. A narrow porpbjry 
dike follows the contact more or less continuously, sometimes in 
the limestone, sometimes in the granite. The limestone is con- 
siderably broken, movement having taken place in practically 
every direction as shown by the slickensiding. 

The ores of the Lilly mine are chiefly carbonates and oxides 
with some chrjBOcolla and considerable sulphide. The sulpbides, 
which are <: h ale opy rite and copper-bearing pyrite have been 
found below the tunnel level and in smaller quantity nearer the 
surface. They are found associated with oxidized ores. Much 
of the chrysocolla is very pure but is usually in thin seams. In 
at least one place it occurs as a coating an inch thick or more 
on the walls of a small cave or fissure in the limestone. The 
copper ores are partly in limonite gangue, partly, disseminated 
through limonite which also carries silver. About half the ore 
carries a small amount of gold. 

Through the courtesy of President W, F. Norway we are 
able to give the following figures from the smelter settlement 
sheets showing the output of the mine from March 17, 1906, to 
January 18, 1910: 

Output, 4,991.66 tons 

Copper, 767,163 Iba. (wet aasay). 

Silver, 17,713.13 oz. 

Lead, 4,637 lbs. 

Gold, 07.44 oi. 

QroBfl value, (103,111.20 

Average value per ton, $20.66 

Output from 1BB8 to Jan. 18, 1910: 

Total tons produced, 8,827.16 

QroBB value, $173,398.71 

Average value per ton, $19.70 

About two-thirds of the ore has carried an average of 10 
per cent copper. The remaining one-third was silver ore which 
carried very little copper. Until the end of 1907 the ore carried 
30 to 40 per cent excess iron. In 1909 the mine produced 1,832 
tons with a gross value of |26,121.34. This is the lai^eat output 
for any one year in the history of the mine. 

Between January, 1910 and April 30, 1912, the mine pro- 
duced about 1,060 tons of copper ore averaging 9 per cent copper, 
(wet assay,) and 900 tons of iron-silver- lead ore. Since the be- 
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ginDing of the year 1910 the mine has been operated only inter- 
mittently and by a small force. In the year 1912, only two men ' 
were working in the mine and but three or four carloads have 
been shipped each month. The company is planning to put a 
larger force at work early in 1913. 

The mine is equipped with motor, compressor to operate the 
machine drills, an electric fan for ventilation, electric lights, and 
at the winze an electric hoist. The ore is carried by gi-avity over 
an aerial tramway 7,174 feet long to the railroad at Garfield. 

BAINBOW-EAOLE BIBD MINE 

Althou^ very little work has been done on this property 
it is reported to have, produced about fl6,000 worth of ore. IJ: 
is worked through two short tunnels near the surface. The ore 
occurs in a brown, ferriferous, crystalline dolomite overlying the 
"parting qnartzite" and within 8 to 30 feet of an overlying por- 
phyry dike or sheet which dips westward. The best ore body 
seen hj the writer was 18 inches to 2 feet thick in a replacement 
vein parallel to the bedding of the sedimentary rocks. Mineral- 
ization has extended a foot or more into the>inclosing rock on 
each side of the good ore. Two samples of the dolomite taken 
from the dump and assayed in the laboratory of the State Survey 
carried respectively 4.25 ounces silver per ton and a trace of silver. 

Although lead is present in considerable quantity the chief 
values of the ore are in gold and silver. The lead occurs largely 
as galena. Some of the best silver values are carried by a streak 
of manganese oxides which extends throughout the length of the 
tunnel, 8 to 30 feet below the porphyry dike. The principal 
manganese mineral is psilomelane. Some quartz is present as 
a gangue mineral. Two small shipments from this mine in 1909 
gave, according to the smelter settlement sheets, the values 
listed in columns 1 and 2 of the table below. Column 3 is an 
assay of a sample by S. B. Weld of Salida; column 4 is an assay 
by H. E. Burton of I^eadville. Columns 3 and 4 are instructive 
in that they show the spotted character of the ore. Presumably 
the samples assayed were selected. 
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In 1910 about f60U worth of ore was skipped from tliis prop- 
erty, but the values are not at hand. In litll tliere were severaJ 
sacks of good galena at the mine. 

Two shafts on the Eagle Bird claim north of the breast of 
the tunnels have opened a body of Bilver-manganeBe ore which 
has not proved sufficiently valuable to mine under present con- 
ditions. A sample taken from the dumps yielded on assay 7.50 
ounces silver per ton, 24.70 per cent manganese, and 5.71 |>er 
cent iron; some silica and much lime carbonate were pi-esent. 
Two other samples which were not run for manganese amiayed 
respectively 1.75 ounces and 2,60 ounces silver per ton. 

The mine has been operated by primitive methods which 
I'ould be profitable only for ore of very high grade. The ore was 
wheeled out of the mine on wheelbarrows, sacked, and packed 
ever to Cive Camp on burros, thence liauled to the railroad at 
Maysville by wagon, and tlience shipped by rail to the smelter. 
This mine was acquii-ed, in lltll, by the Taylor Moiuitnin Mining 
Company which has not yet oiierated the pi-operty. 

MOUNTAIN CIIIUP AND I'lNYON MINES 

The Mountain Chief was one of the earliest producers, and 
is reported to have yielded some of the highest-grade ore of the 
district. It is stated tliat the tiist lot was packed on burros to 
Garfield, thence hauled 78 miles by wagon to Canon City, and 
shipiwd by rail from Canon City to the smelter at Umaha. Not- 
withstanding this heavy expense it netted a large profit. Mr. E. 
Gimlet states that Mr. J. L. Emei-son later ^hipped 2)) tons from 
this property, which returned a grows value of Jlfl,fiOO. 

When visited in 100!) the shaft was half filled with ice, but 
the tunnel below could be entei'ed. At about fiO feet from the 
entraui-e, the tunnel was filled with waste from a crosscut in a 
porphyry dike wiiicli overlay the ore. Mr. (limlet, a former 
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auperintendent at this mine, states that the ore was in a pocket 
and mostly within 70 feet of the surface. Its thickness at the 
upper part was about two inches and at greater depth was three 
feet. The Mountain Chief, Pinyon, and Song Bird are reported 
to have produced together a total of atiout f2o6,000. 

The PinyoD, which joins the Mountain Chief, is said to have 
produced |22,000 worth of ore from one pocket which pinched oat. 
No furtlier work has heea done. This pocket was but a few feet 
thick, having its greatest diameter parallel to the strike of the 
inclosing brown limestone. This limestMie is a coarsely crystal- 
line ferriferous rock similar in appearance to the dolomite of 
the Rainbow-Eagle Bird but carries little or no magnesia. 

NEW YORK MINE 

The workings of this mine are on the New York and New 
York No, 2 claims, on the west side of Taylor Qulch. On the 
New York claim, a tunnel 35 to 40 feet long, driven westward, 
cut through a body of limonite about 16 feet across in the direc- 
tion of the tunnel. The ore is of too low grade to be profitably 
worked under present conditions. A second tunnel, started 
nearly 250 feet lower, on the New York Ko. 2 claim, has been 
driven westward 400 feet or more. 

The lower tunnel ci-ossed a highly mineralized zone, several 
yards wide, about 200 to 220 feet from the portal, A few tons 
of low-gi-ade zinc ore containing calamine and smithsonite, were 
taken out. At about 230 feet from the portal a small quantity 
of zinc ore was found in the bottom of the tunnel. The ore was 
partly oxidized but contained a core of good sphalerite associate^ 
with diopside and garnet. The sphalerite carried a small amount 
of silver and gold. At 360 feet from the portal a westward-dipping 
ore body was encountered, which was 18 to 2C inches thick on the 
tunnel level and about 30 feet wide. In July, 1912, the ore had 
been stoped upward about 20 feet. Much of the ore is oxidized 
and includes cerussite, limonite, tenorite, azurite, and malachite. 
While a smalt part of the cerussite is very pure and well erystal- 
I'zed, the lead carbonate is present chiefly in the hard, compact 
form, and has an admi^iture of limonite and undetermined non- 
ntetallic minerals. Some earthy-looking soft lead carbonate is 
present. The tenorite contains a large per cent of iron and is 
seamed by thin velnlets of azurite and malachite. Though much 
of the ore is oxidized a large proportion of galena is present. 
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The galena is very coarse, shows alteration to cernaaite, and i% 
nbt uDCommonlj seamed with malachite. The rock near the ore 
ih more or loss decomposed, but it contains much epidote with 
crystallized calcite as well as a pale greenish-white micaceous 
mineral, possibly a chlorite. 

The smelter settlement sheet for the first shipment of two 
carloads (108,112 lbs. net) of ore from this level gives 14.0 ounces 
silver per ton and 33.2 per cent lead, 4.2 per cent copper, 4.6 per 
cent zinc, 13.7 per cent iron, aJid 13.0 per cent silica. The settle- 
ment sheet for the thirteenth carload shows .03 ounces gold and 
32.5 ounces silver per ton, 25.36 per cent lead, and 4.4 per cent 
copper. The net value was f43.47 per ton. Manager M. R. Jewell 
writes that since this ore body was found, late in 1911, 14 car- 
loads have been shipped; the first eleven had an average value 
of t33.S2 per ton. Mr. Jewell also states that since the writer 
visited the mine in July, 1912, a body of zinc ore 7.5 feet wide 
has been uncovered in a drift south of the tunnel. The ore con- 
tains calamine and smithsonite ; a smelter assay of a dozen sam- 
ples across the ore body gave 33.8 per cent zinc. Not any of this 
ore has been shipped. Ore for several carloads is said to be in 
sight in the stope and drift. Shipments have been delayed by 
the slow procew of packing the ore on burros to the Lilly tram. 
It is proposed to build a tram from the mine to the Lilly tram 
in 1913. 

LAST CHANCE UINB 

But little work has been done on this claim. When examined, 
n tunnel had been driven about lOO feet and several tons of ore 
had been taken out. The large body of limonite (gossan) at the 
surface, the fracturing of the sedimentary rocks and evidence of 
faulting, all indicate the possible presence of a workable ore body. 
A tunnel to develop this property has been started lower down 
on one of the Jewell claims, but when the district was visited in 
iFuly, 1912, no ore had been encountered in this tunnel. 

BONNIE BEI.LE, BEN HILL, FRACTION, DESDBMONA MINES 

These mines, which are on one lead, produced some ore in 
the eighties and but little since. Only the Fraction, the least 
important of the group, could be examined in 1909. This was 
worked through a short tunnel and a winze about 50 feet deep. 
A vein three feet thick was found in a short drift toward the 
north. This vein is parallel to (he bedding of the inclosing sedi- 
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mentary rocks which dip 56° N. 75° W. A bedding fault is indi- 
cated b; the slickensided hanging wall. This movement probably 
occurred after the ore was deposited. The writer is indebted to 
Mr. Everett Anderson for the following notes on the other mines 
of this group. 

The Ben Hill shaft is 275 feet deep. Drifts were run north 
and south at 126, 175, and 223 feet from the surface. At the 
17S-foot level a drift running north 125 feet is the longest in the 
mine. At 30 feet from the shaft on this level a body of galena 
three feet thick was cut; this carried an average of S5 ounces 
silver per ton and 73 per cent lead. The ore was in theform of 
a shoot pitching northward and extending upward practically to 
the 126-foot level. Carbonate ore occurred on the border and in 
some places graded into the galena. The average tenor of the 
carbonate was 22 to 28 ounces silver per ton and 30 per cent lead. 
Hetween the 175- and 225-foot levels the ore was spotted. The 
bottom of the shaft is in an ore body seven feet thick, which 
iisBays 90 ounces silver per ton and 60 per cent lead. Water 
(■topped the work here and a tunnel was driven to cut this lead 
about 400 feet below the bottom of the shaft, but no ore in pay- 
able quantity has been found in the tunnel, although it is sup- 
posed to have reached a point under the shaft. 

The Bonnie Belle shaft is down 146 feet. At fiO feet a body 
of galena similar to that in the Ben Hill was discovered. This 
body is about six feet thick. With the galeua was associated 
oxide of iron which inclosed masses of the ore. In places some 
carbonate of lead was found with the galena. This ore was in 
the form of a northward pitching shoot having a stope length of 
60 feet. The vertical distance covered by the ore in the shaft 
was 40 to 50 feet. 

The Desdemona shaft is 118 feet deep. Drifts extend north 
and south at 60 and 100 feet from the surface. The ore was 
lai^ly galena in streaks and bunches with occasional large 
pockets of carbonate ore. 

The total output of these claims is not known, but the Ben 
Hill shaft has produced |12,000 worth of ore. 

Ore seen on the dumps and platforms at these mines was 
galena with both hard and soft lead carbonate. At the Bonnie 
Belle there is considerable breccia having sedimentary fragments 
in a granite mattrix, indicating the proximity" of tlie ore to the 
granite. Granite dikes occur a short distance west. 
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OTHER MINES OP TAYLOR OULCH 

Be^'eral claims in Taylor Gulch prodpced small atnouats of 
ore in the early days'. The Denver-KaiDbow. Indianaiiolis, and 
Ktem Winder have each produced a carload or more. The ore in 
these claims was found near the surface in pockets or narrow 
veins, and but little work has been done to determine the extent 
of mineralization. 

MISSOURI BOY. MOCKING BIRD, BAY STATE, AND INDEPENDENCE 

These claims are not in Taylor Oulch proper, but just east 
of the east rim of the gulch. It is reported that about |3.l)00 
worth of ore was shipiied from the shallow workings of the 
Missouri Bor'mine. The values were in gold, silver, and lead. 
The deepest shaft, which is on the contact between a basic syenite 
dike and the pre-Cambrian granite, is reported to be 70 feet deep. 
In lim, Mr. T. N. Hubbard had driven a tunnel 2,^0 feet on this 
contact, on the Mocking Bird claim, following a'narrow vein all 
the way. The vein varies in width from an inch to 10 inches 
but, where seen, is mostly less than five inches wide. The most 
tibundant vein mineral is quartz; this is partly massive, but there 
ai-e many well formed crystals projecting into small vugs. Almost 
tliroughout the 250 feet were fi-djuent patches of good galena 
which i-eached aci-oss the nari-ow vein, beside a little chaleopyrite 
and pyrite. In small oxidised patches may be seen malachite, 
timouite, and a little well crystallized calamiue. 

Still farther south tlie Bay State and Independence tunnels 
have cut a dike similar to the dike mentioned above, if not the 
same dike. Two or three tons of ore were lying on the platform 
m the upijec tunnel which was caved when visited. The oi-e is 
|)rincipally galena with » little pyrite in vein i]uartz. Small 
imtches of a thin yellow coating on the galena and (juartz ai'e 
pi-obably of silver bromide or clilorobromide. 

PROSPECTS AM) DEVELOPMENTS IN TAYLOR OULCH 

t^vhcqucr. — A shaft was sunk on the Exchetjuer claim to 
a considerable depth in mineralized limestone in what would 
appear to be favorable ground, but no payable ore was found. 
Material on tlie dump indicates that a large body of limonite is 
present. A porphyry dike was cut in the shaft, and is probably 
the same dike as that with which the ores of the Major and 
Shamrock are associated. 
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Jewell tunnel.~The Jewell Tunnel & Mining Company holda 
a large group of ctaims west of Taylor Gulch. This group in- 
cludes several of the old small producers as well as the Mountain 
Chief and the New York mines already described. A large tuunel 
in being driven from near the head of the gulch toward Taylor 
Mountain to develop the ground held by the company. This tun- 
nel has not yet uncovered any ore, though it has been driven 
about 1,000 feet. Excepting one drift toward the north, no pros- 
pecting has been done at the sides of the tunnel. The tunnel is 
equipped with motor, fan, air compressor, and macbine drill. 

Pai/e tunnel. — This tunnel was driven about l,aOO feet west- 
ward across the steeply-dipping sediments for the purpose of 
opening the Ben Hill lead about 400 feet below the bottom of the 
shaft. Drifts have been run parallel to the bedding 200 or 300 
feet, both north and south of the tunnel, in brecciated limestone, 
but ore in payable quantity was not found. Much of the country 
rock through which the tunnel runs is baked shale. 
MINES OF CR£E camp 



Attention was first drawn to this part of the district by the 
discovery of rich silver ore in the Song Bird in 1878. The deposit 
was in the limestone above the "parting quartzite'' in a zone of 
local faulting. Although the mine was a producer of good ore 
for a short time no figures are available as to output. Consid- 
erable prospecting was done in the vicinity but results were gen- 
erally unsatisfactory. 

CLINTON MINE 

The Clinton mine on the northwest slope of Missouri Hill 
was first opened in the early eighties but lay idle for a number 
of years. During 1901 to 1904 it was operated, when, according 
to Mr. A. B. Brewington, it produced about |12.000 worth of ore. 
The best ore is said to have been associated with garnet. The 
values were in silver, gold, copper, and lead. The manganese 
content was sufficiently high to secure a reduction in treatment 
charges. 

The ore occurs in northward-dipping shoots in the limestone 
six or eight feet from the granite. One shoot carried ore prac- 
tically from the surface to a depth of 300 feet, below which it 
was not worked. The greatest width of this shoot was eight or 



.dr,yGoogIe 



270 MONARCH AND TOUICHI DISTKICTB 

nine feet but at this point it did not carry values high euoii^ 
to pay for the necessarily long haul. Were the mine nearer the 
railroad it is probable that further work wonld have been done 
before this time. 

MINES OP MIDDLE FORK AND TRIBUTARIES 

In the Middle Fork valley only two mines, the Mason and 
the Mooae, are known by the writer to have produced ore since 
rhe survey of the district was begun. Development work, how- 
ever, has been done in these years on a number of properties. 

HO08E HINB 

The Moose mine, which is just below the crest of the Bawatch 
Range, in the quartz monzonite porphyry, has been worked 
through two short tunnels. When the mine was vi^ted in 1910 
the upper tunnel was filled with ice, but work was being done 
in the lower tunnel. This tunnel had been driven south 220 feet, 
and from it a crosscut bad been driven west about 50 feet. Ore 
had been sloped out a few feet below the tunnel level. 

About 40 feet south of the portal a narrow northward-dipping 
dike-like mass of fine-grained, much decomposed porphyry was 
crosscut by the tunnel. This porphyry seems to carry no mega- 
scopic quartz, and may be an inclusion of quartz latite porphyry 
picked up by the quartz monzonite porphyry or an intrusion in 
the latter rock. Above the fine-grained porphyry is a vein about 
three feet wide. The vein-filling is principally quartz, but at one 
side was a streak of ore about eight inches wide. The ore was 
chielly galena interbanded with quartz. At the lower contact of 
the fine-grained porphyry with the quartz monzonite porphyry 
was a streak of ore a few inches wide, which contained narrow 
intersecting veinlets of galena and pyrite penetrating the fine- 
j!,Tained poi-phyrj-. An average sample, including rock and metal- 
lic minerals, yielded on assay 1.34 ounces gold and 93.9 ounces 
silver per ton; do lead assay was made. 

About 85 feet west of the tunnel is a vertical quarts vein 
striking due north and about four feet wide. On account of the 
large quantity of talus this vein can be traced only a few yards 
on the surface. A sample from tiie surface of the vein yielded 
on assay only a trace of gold and 2.0 ounces silver per ton. It 
is reported that from this vein, where opened by the upper tunnel, 
three carloads of ore were shipped in the eighties which ran about 
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1166.00 per ton after paying freight and treatment charges as 
well as transportation. The ore was packed on bnrros to the road 
below. Several small shipmenta in recent jears have been made 
by leasers who are prevented from working more than a few 
months each year by the snow on this slope. The ore shipped in 
1909 is reported to have run about f 50.00 per ton. 

MASON MIND 

This mine, according to the manager, Dr. Finia McCIure, has 
produced about $75,000 worth of ore. The greater part of the 
production was in the eighties, but in recent years a few carloads 
of ore have been shipped from the mine each summer. 

The Mason is about a quarter of a mile south of the Moose 
and but a short distance below the crest of the range. It has 
been worked through a shaft and a tunnel. A small part of the 
mine, mostly below the tunnel level, was accessible in 1910. From 
the tunnel level a winze has been sunk 75 feet and driffs run 
east and west of the winze. A second winze, from one of these 
drifts had been sunk 22 feet. 

In these lower workings the ore was at the contact between 
volcanic breccia and the Paleozoic sediments. The sediments are 
chiefly indurated shale, siliceous dolomite, and calcareous sand- 
sfone. The ore, which is chiefly oxidized, is generally black 
because of the high content of oxide of manganese. Both hard 
psilomelane and an earthy variety of manganese oxide are present. 
A little galena may be seen. The ore ia pockety; buncbes vary 
from a few inches to several feet in width. Much of the ore is 
practically free from rock material, but in places the metallic 
minerals from the matrix of a breccia whose fragments ere chiefly 
volcanic breccia. Owing to the presence of much manganese oxide 
the rock may be black several feet from the ore. Large blocks 
of practically pure psilomelane, evidently from another part of 
the mine, were lying on the dump. 

The ore mined in 1910 was said to run about .03 ounces gold 
and 13 to 30 ounces silver per ton, 27 per cent manganese, and 
8 to 20 per cent iron. The ore is packed on burros to the creek 
below and thence hauled by wagon to the railroad. 

EMMA STRADLEY MINE , ' 

According to the report of the Director of the Mint the 
Emma Stradley produced 1636.00 worth of ore in 1887, the chief 
values being in silver. But little work has been done on the 
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property in the past 25 years. In 1910 the mine was under lease 
to H. A, Meyers, who was driving a tunnel to cat the lead that 
had been opened iu the upper tunnel. The principal works which 
are in the quartz latite porphyry, are: a tunnel 750 feet long; 
one drift from the tunnel, 200 feet long; and a winze, aunt from 
the drift, 90 feet deej). It is reported that two 10-ton carloads 
of ore were taken from the winze. 

GULCH MINE 

According to the i-ejmrfs of the Director of the Mint, the 
Oulch mine, in 1887-18^9. produced gold and silver having a coin- 
age value of |2,3S0 and |i;{,054, respectively. The mine was 
worked through two tunnels which were driven mainly in quartz 
lutite porphyry. A third tunnel was driven a considerable dis- 
tance, but IB reported not to have reached the lead. 



A tunnel about 550 feet long in the quartz monzonite and 
n drift about 40 feet long constituted the developments of this 
property when visited in 1009. The drift is on a shear zone which 
shows gouge and pyrite in the roof. Mineralization extends 
through a width of about three feet. A small amount of galena 
was found in the breast of the tunnel in the countrj- rock. Pyriti- 
zation was frequently tseen in the tunnel. 

This property has produced two carloads of ore. According 
to Mr. Henry L, Acker, the better car netted |30.00 a ton after 
(laying freight and treatment charges. 

COLUMBUS MINE 

This mine was worked through tunnels on several levels all 
of which are now caved except the lowest. Bad air in this one 
pi-evented an examination by the field party. The workings are, 
ill the main, just east of the eruptive contact between the quartz 
monzonite and metamorphosed sedimentary rocks. Much vein 
quartz and a considerabie quantity of sulphides of iron, copper, 
lead, and zinc were seen. Water issuing from the tunnels carries 
in solution an appreciable amount of copijer salts. The following 
is taken from the Report of E. Le Neve Foster, State Geologist:' 

The Columbus mine fe situated about 12,000 teet above sea level on 
tbe southern elope of Taylor Mountain. Ite worklDge consist of Bbafts 
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and tunnels and develop a true Assure vein to a depth of 300 feet, and 
horizontally 1,100 feet. The outcropplngB of the vein may he clearly 
traced upon the surface for this entire distance, with almost unbroken 
continuity, commencing at Its southern extremity in a deep depression In 
the side of the mountain, and following very crookedly a mean north- 
easterly course up an ascent of 30°, where It is Anally hidden under sur- 
face debris. • • • 

The matrix of the vein Is quartz from wall to wall. The clay selvage 
usually accompanying the »alls of fissure veins is In this instance more 
often lacking, though occasionally present, with a thlcknees of one-fourth 
to two Inches. For the flrBt 200 feet of depth the quartz iH Irregularly 
banded, composed In a great measure of agglomerations of coarse amor- 
phous [lenomorpbtc?] crystals, or spongy from the decomposition of^ 
pyrite, and deep brown In color from the presence of much Iron oxide. 
The whole width of the vein, from 6 to 20 feet, Is productive of good value 
In silver, which occurs as a sulphuret and contains also varying quantities 
of gold. At the depth of 200 feet the vein material changes abruptly to a 
pure white quartz, containing large quantities of pyrite and sphalerite 
intimately asaoclated, In very perfectly shaped crystals of one-twentieth 
to one-half Inch In diameter.. Copper Ts also found; native. In spongy 
masses and as a thin coating of blue or green carbonate, while silver Is 
less widely distributed through the thickness of the vein, being confined 
to certain localities rich In iron and zinc sulphurets. These conditions 
remain constant In the lowest depths of exploration. A spnr or branch of 
the vein has Its apex in the granite [quartz monzonlte] to the west and 
joins the main vein at a depth of 200 feet. Its strike Is due north, and its 
dip about 70° to the east. The vein material here Is productive of small 
quantities of sliver, and consists of a compact brownish quartz. No 
infiuence seems to be exerted upon the productiveness of the vein by the 
Junction of this spur, either in quantity or quality of the ore. 

The mire was operated for several years, the ores being 
concentrated in a mill on Middle Fork. The mill has since been 
sold and removed, and the aerial ti-aniway wbieh connected it 
with the mine is nj) longer standing. Tlie men ivho owned the 
mine when it was operating are now dead, and no record of the 
output is known to exist. Mr. W. K. Jewelt, tlie present owner, 
writes: "Ti-adition says that its gross production during the 
period of its oj^ratiou was approximately f:W),(H>0, tlie values 
being mainly stiver and copier." 

BRIGHTON MINE 

This mine, which is now filled with water and ice, is in the 
quartz monzonite area. Material on the dump is similar to that 
of the Columbus. It is not improbable that the ore was in a 
ttssure vein which intersects the Columbus vein. The report of 
the Director of the Mint, for 1881, states that at that time the 
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mine was opened by a shaft 100 feet deep with drifts 30 feet each 
waj from the bottom of the shaft, all in ore which milled f4(t.00 
a ton, net, and that about 100 tons had been shipped. 

DARLING MINE 

This property is reported to have produced one carload of 
<>re from a shaft 26 feet deep on a lead in the quartz monzonite. 
The shaft was full of ice when seen by the writer, bnt a small 
quantity of good galena remained on the platform. A tunnel 
was being driven to cut the ore at a greater depth. 

I'NCLK 8AM MINE 

The Uncle Sam in Hoflfinan Park is reported to have been 
operated while Maysville v/tif the terminus of the railroad. The 
workings are now inaccessible but it is probable that the ore 
was either in the quartz, nionzonite porphyry or at the contact 
bet^veen the porphyry and the quartz, mouzonite on the east. 



Ad output of 20 tons of silver-lead ore is reported from these 
two claims in Kangaroo Gulch. The Maverick tunnel below, 
through which it is proposed to work these leads, has been driven 
(;B0 feet. 

OTUEU MINES AND PROSPECTS 

D'Byron group. — This group comprises several claims on Ihe 
slopes of Monumental Mountain. Several short tunnels have 
been driven on quartz veins in the quartz nionzonite porphyry; 
lliese veins carry irregularly -distributed ore. One tunnel about 
150 feet long, not far north of the Moose mine, is reported to 
have produced one carload of ore. 

Mohammed. — The Mohammed tunnel was visited in 1910 just 
as work was suNpended because of caving and a great flow of 
water at the breast. A secood attempt to get through the bad 
ground in a crossi-ut north of the main tunnel had been unsuc- 
cessful. Besides the main tunnel 700 feet long, a few drifts and 
crosscuts, aggregating several hundred feet in length, were ac- 
cessible. 

The main tunnel was driven N. 70° E. through the Etna 
porphyry for most of the distance. The rock for the last 60 or 
70 feet, including the badly broken ground at the breast, is 
quartz latite porphyry. The presence of much gouge as well as 
alickeosiding at the contact between ■"-- '—^ kin^ of porphyry 
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indicates faulting, but this fault iB probably along the original 
contact. A winze said to be 25 feet deep had been sunk in one 
of the drifts about 100 (eet south of the tunnel. It was impoB- 
Hible to see the ore at .the bottom of the winze on account of 
water, but 20 sacks of good galena, seen outside, had been taken 
from this winze. In the end of the drift a quartz vein carried 
a streak of galena two or three inches wide. The porphjry on 
both sides of the vein is much decomposed. Mineralization, chiefly 
pyrite, could be seen in moch of the rock on the dump. 

Macedonian. — The Macedonian tunnel has been driven east- 
ward about 1,300 feet with the intention of cutting a lead that 
was opened at the surface. The tunnel starts in the Etna quarts 
monzonite porphyry, but enters quartz latite porphyry at about 
&00 feet from the portal. In this tunnel, also, there is evidence 
of faulting along the contact between the two kinds of porphyry, 
though -this is not the same contact as that crossed by the 
Uohammed tunnel. Near the breast a very narrow vein of pyrite 
was crossed by the tunnel. The lead opened in the shallow shaft, 
several hundred feet above, is now inaccessible, but it is reported 
that a small quantity of good ore was taken out many years ago. 

TiDeed group. — This group comprises seven claims, which 
cover much of the ground on both sides of the creek south of 
Mount Etna. Several tunnels have been driven north of the 
creek In the quartz monzonite. Some good galena, with sphal- 
erite and copper-bearing pyrite, may be seen on the dumps. 
Specimens exhibit evidence of one o^ more veins at least several 
inches thick. At the dump of a long tunnel south of the creek, ' 
in quartz monzoaite porphyry, some zinc blende with galena, 
pyrite, and vein quartz may be seen. Still farther south pros- 
pects in the pre-Cambrian granite, near the quai'tz monzonite, 
are reported to have uncovered very thin seams of high grade 
gold ore. In this vicinity there is much iron oxide stain. 

Hercules. — The Hercules tunnel, in Hoffman Park, has been 
driven east in the quartz monzonite 600 feet or more. A narrow 
vein in a drift carries galena and chalcocite, with a small amount 
of chalcopyrite, but no payable ore has been reported in this 
tunnel. 

Prospects at Boss Lake. — Considerable prospecting has been 
done near Boss Lake at or near the surface. Pyrite is abundant 
east and north of the lake. A sample taken from a one-foot vein 
about 600 feet northeast of the lake and within 10 feet of the 



.dr,yGoogIe 



'2Hi MONARCH AND TOMICHl DISTRICTS 

surface yielded on assay .26 ounces gold per Ion and a trace of 
silver. Id a shaft just east of tite lake a streflk of mineralized 
dolomite four or five feet wide was found about four feet below 
the surface. This atreak contaios sphalerite, ^lena, and pyrite, 
A sample assayed, gave a trace of gold and 2.25 ounces silver per 
ton, S.53 per cent lead, and 23.8 per cent zinc. On the east side 
of the lake, also, several tons of magnetite have been taken from 
a vein two or three feet wide, at the water'w edge. A few tons of 
ore were taken from a tunnel in the fault north of the lake. The 
V''ork was evidently done many years ago and the tunnel could 
not be entered in 1910, but a sample of limonitic ore from the 
dump assayed .32 ounces gold and .02 ounces silver per ton and 
12.10 per cent lead. It evidently contains a high percentage of 
excess iron. 

MINES AND PROSPECTS OF NORTH FORK AND BROWNS GULCH 
In the late seventies and early eighties there was much 
activity in the North Fork valley and a small quantity of silver- 
lead ore was mined. For many years past, however, the mining 
in this valley has been intermittent, and only ,\ few ore shipments 
have been made. In the summer of Iflll there were 20 men, or 
more, working in the valley, and probably a less number in 1910. 
In July, 1912, only assestinient work on unpntenteil claims was 
heing done. 

MICHIGAN GBOUr 

This group oontains nine patented claims, several of which 
have produced ore. The total out|mt is reported to be about 200 
tons. Most of the ore cnme from a short tunnel in the Pomeroy 
quartz nionzonite. just under the divide between North Fork and 
Grizzly Gulch. This tunnel and others on the Michigan claims 
are now caved, but the occurrence of the ore in a fissure vein is 
inferred from the as^sociatiou of galena with vein quartz, seen in - 
specimens on the dump. .\ short tunnel on the May Queen claim 
has opened a vein about a foot wide, from which ore has been 
shipped. The ore, of which several hundred pounds lay on the 
dump in 1910, is zinc blende aud galena with pyrite and quartz. 
It would doubtless concentrate well. 

MINKS OK THE NORTH KORK POWER & Ml.VES COMPANY 

I'Hdc of the West. — The Pride of the West tunnel was driven 
many years ago in the Pomeroy quartz monzonite.a distance of 
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nearly 1,300 (pet. Several north-south veins of low grade ore 
were crosscut by the tunnel, but no ore- was shipped by the orig- 
inal owners. In 1911 the North Fork Power & Mines Company 
was drifting on one of the leads and coDcentrating the ore in 
the company's mill. at Shavano. 

The lead which was being mined is about 600 feet west of the 
portal of the tunnel. At this point the tunnel is about 250 feet 
below the surface. In August, when seen, the drift was about 
100 feet long. The lead is about five feet wide and dips westward 
70°. It is made up of many ore-bearing veins between which is 
[wrphyry, mineralized and partly decomposed. The veins vary in 
width from a millimeter, or less, to 20 inches. Some of the nar- 
rowest veins are practically filled with metallic minerals, but the 
wider ones carry more quartz than metaliic minerals. The de- 
terminable metallic minerals are galena, blende, and pyrite. The 
microscope shows these minerals disseminated through the por- 
phyry in appreciable quantity. The porphyry shows no distinct 
contact with the quartz monzonite and may be a facies of the 
latter rock. While the veins carry the best ore all the ground 
hroken was run through the mill. 

A trial shipment of concentrates gave 30.0 ounces silver per 
ton, 47.1 per cent lead, and 17.7 per cent iron. Zinc concentrates 
were made which assayed 26.5 per cent zinc. In general, assays 
of the lead concentrates showed about one ounce of silver for 
each per cent of lead, but the zinc concentrates carried only one 
ounce of silver to each 10 per cent of zinc. 

Little Orphan ^nnie.— Only a small amount of work has 
been done on this claim, where a lead about three feet wide was 
exposed at the surface. The lead strikes a little west of north 
and stands nearly vertical. It ia apparently at the contact be- 
tween the I'omeroy quartz monzonite and a coarse porphyry 
similar to that in the Pride of the West mine. The lead contains 
several nearly parallel fissure veins filled with quartz and metallic 
sulphides. Galena is the principal metallic mineral but chalco- 
pyrite has also been reported, A small shipment returned 47.6 
ounces silver per ton and 24 per cent lead. It is )>ossible that 
the Little Oi-phan Annie vein is the same as that opened on the 
May Queen. 

Condor mine. — A small shoot of good galena and zinc blende 
was opened in a short tunnel on the Condor claim. The ore in 
the tunnel is abont three feet thick and is reported to have 
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extended to the surface 40 feet above. This is at the contact 
between the quarts monzonite porphyry and Princeton quartz 
moDzonite. A lower tunnel waa driven to cut this shoot which 
apparently does not extend to the level of the lower tunnel or 
does not hold a uniform dip. However, the lower tunnel did not 
follow the contact, and there is a possibility of finding the ore by 
crosscuttiug. 

Near tbe west aide of the wide dike of porphyry a small vein 
of good galena, having a niaximam width of three inches, was 
fouud. 

TOM PAYNB MINE 

The Tom Payne is one of a group of claims (North Pole 
group) owned by the Peerless Mining & Milling Company. This 
group is on Cyclone Mountain and chiefly on the east slope. Tbe 
Tom Payne ie reported to have produced one carload of ore. The 
workings include shallow shafts and short tunnels with one tun- 
nel said to be over 1,000 feet long. Zinc blende and pyrite with 
vein quartz may be seen in the ore, of which several tons lay on 
the dump of the long tunnel in 1910. Higher on the mountain 
the dumps show galena and ceniasite with vein quartz in altered 
andesite. 

OTHEB MINES AND FBOBPECTS 

The Tomcat group of claims on the top and southwest slope 
of Carbonate Mountain was being prospected by a force of several 
men in 1910. Near the top of tbe mountain specimens from a 
shallow shaft showed iron-stained and copper-stained galena in 
vein quartz. A tunnel was being driven in the andesite on tbe 
southwest slope, to cut the lead at a depth of about 300 feet. 

The Uncle Sam Mining & Reduction Company has driven a 
long tunnel on or near the contact between tbe andesite and Pom- 
eroy quartz monzonite near the bead of Cyclone Creek. Through 
part of it3 course the tunnel follows a narrow quartz vein which 
carries galena and pyrite. The wall rock also carries an appreci- 
iible quantity of these sulphides. 

Near the head of North Fork, south of the Pride of the West 
tunnel, are several shallow shafts and open cuts on veins from a 
few inches to four feet wide. Ore is reported to have been shipped 
from at least one of these veins. The vein-filling is quartz with 
pyrite and galena. 
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Good galena and blende with quartz is common on the dumpa 
of shallow workiDgs near the head of Grizzly and Poraeroj; 
gulches in the Chalk Creek district. Ore has evideDtl; been 
hauled away from a few of the prospects. 

About half a mile north-northwest of Missouri Hill, a tunnel 
is being driven by L. F. Anderson, at the contact between lime- 
stone and a porphyry dike. In 1910 the tunnel was in about 60 
feet. Severe! hundred pounds of copper-bearing pyrite lay on 
the dump. 

A molybdenum-bearing vein outcrops north of Browns Creek, 
just outside of the area mapped. The vein, which is a filled fis- 
sure, strikes about N, 65" E. and stands nearly vertical. The 
vein-fllling is principally quartz, with patches of molybdenum 
minerals. Although the vein proper is only about three feet wide, 
the wall rock (Pomeroy quartz monzonite) contains a consider- 
able percentage of molybdenum minerals and pyrite. Near the 
surface the vein-filling and wall rock are more or less coated with 
earthyj yellow molybdite, or molybdic ocher. However, a few 
feet down, molybdenite is found in patches in the quartz and iu 
veinlets in the wall rock. The wall rock contains, also, numerous 
small crystals of pyrite. The thickest veinlets seen are about an 
eighth of an inch across and the individual crystals of molyb- 
denite are small. 

The vein has been prospected by a short tunnel and shaft, 
but no shipments have been made except for tests. An average 
sample of the ore assayed by H. F. Watts gave 2.12 per cent of 
molybdenum. 

MtSCELLANCOUS MINES AND PROSPECTS 
A few small mines and a few prospects not within the areas 
previously specified are deserving of mention. Nearly all are in 
the pre-Cambrian rocks. 



A' shaft has been sunk on the Highland claim, east of Como 
Gnlch, on a vein reported to vary from 3 to 18 inches in thick- 
ness, A small quantity of good galena has been taken from the 
shaft. The rock in the vicinity of the Highland is pegmatite with 
subordinate gneiss. A tunnel lower on the slope had not cut the 
lead in 1910. 
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PAT MASTER OBOUP 

The Payniaater group coniprieeB a nuniber of claims soutli 
nt the South Arkansas, about a mile west of MajsVille. Several 
small ahipments of silver-lead ore have been made from the gronp. 
Some of the ore is reported to carry gold. In 1910 there were 
four tunnels 125 to 150 feet long, on the property; a fifth tunnel 
was about 300 feet long. All the tunnels are well timbered. The 
veins, which are in fractured gneiss, are from a few iuches to 
two feet in thickness and trend southward. Though no large 
body of ore had been found when the property was visited, a 
pood grade of galena was obtainable by careful sorting. Weat 
and north of the tunnels there is much pegmatite which commoDly 
shows a copper stain. In places a little chalcocite and chalcopy- 
rite may be seen in the pegmatite. 



The Bon Ton projierfy includes a shaft and two or more 
tunnels. Evidently ore was taken from a shaft which is now 
caved. One of the tunnels, which was about 200 feet long in 
1009, showed a vein in the breast which carried zinc blende with 
a little pyrite. The vein was about eight inches wide, where seen, 
and was in part a partial replacement of the wall rock which is 
garnetiferous gneiss. Several sacks of good sidialei'ite were 
ready for shipment. 

LOST BASIN QROUP 

This group includes 13 unpatented claims near the head of 
Lost Creek. In liHO a tunnel was being driven northward in 
quartz diorite and gneiss to cut a lead that had been opened at 
the surface. The tunnel, when seen was GOO feet long. The shallow 
shaft which had been sunk on the lead was caved, but material 
on the dump indicates a strong vein. Large chunks of limonite 
which had evidently been formed by the oxidation of pyrite, as 
well as quartz cr^-stais several inches thick and up to a foot in 
length, were found. The country rock is gneiss. 

SERIES JUNCTION CBOUP 

This group is a short distance east of the Lost Basin group 
and includes three unpatented claims. A shaft, which was caved 
when visited, had been sunk on a north-south vein that was 6 to 
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10 inches wide at the surface. The wall rock ia granite. Several 
hundreds pounds of iron-stained and copper-stained quartzose ore 
lay On the dump. A tunnel was being driven to cut the vein at 
a greater depth. 

OTHER PROSPECTS 

About a mile south of the Bon Ton there is much mineraliza- 
tion of the gneiss and associated pegmatite. A small quantity 
. of ore has been taken from a few shallow prospects. The best 
ore seen is galena associated with ampbibole and garnet, but most 
of the ore shows no mineral except malachite which is present 
as a thin coating or stain. A little calamine was seen. 

The Shavano Mining & Milling Company has been driving 
a tunnel in the gneiss, about half a mile south of the top of 
Shavano Mountain, at an altitude of nearly 13,500 feet, with the 
intention of cutting a lead which was opened on the surface in 
the saddle above. It is reported that a shipment, from the sur- 
face workings, of 4S sacks, returned f jO.OO per ton in gold. 

A few tons of ore, reported to carry 20 ounces gold per ton, 
were shipped by Dr. Finia McCIure from a tunnel in pegmatite, 
about a mile west of Maysville. 

PLACES mHINO 
Free gold is reported to have been found, many yeaiw ago, 
in the ravines and gulches on the slopes of Shavano Mountain, 
riacer mining wa« attempted in one op two localities, but the 
water supply was inadequate for washing. 

mLLINO 

Tiiere is only one concentrating mill in the district — that of 
the North Fork Power & Mines Company, at Shavano. This mill 
is modem, but small, having a capacity of 25 to 30 tons per 24 
hours. Though the efficiency of the mill seems to have been 
demonstrated in a run of several weeks, in 1911, the expense of 
hauling low-grade ore three mites over a rongh wagon road is 
too great to allow much profit. 

The mill is run hy stenm power. The ore is crushed by a jaw- 
crusher to which it is automatically fed. The ore from the 
crusher is further reduced by rolls, is screened, and concentrated 
on Wilfley tables. A good separation of the zinc blende and galena 
is effected. A trial shipment to the smelter, of lead concentrates, 
in 1911, gave 39.9 ounces silver per ton, 47.1 per rent lead, 17,7 
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per cent iron, and 2.0 per cent silica. The proportion of silver 
to lead is reported to be higher in moBt of the ore mined, but in 
this shipment considerable material had been taken from the vein 
at the surface where the silver content is low. 

When the Columbus mine was producing, most of the ore 
was concentrated in a mill about a mite above Garfield on Middle 
Fork. The Columbus mill was sold and removed after tbe mine 
was shut down. 

BTONE 
LIMESTONE 

The Ohio & Colorado Smelting & Refining Company owns a 
quarrj- at Garfield from which limestone, for flux, is shipped to 
the company's smelter at Salida. Ten to twenty-five men are 
employed at the quarry which is operated almost continuously. 

The Garfield quarry, under lease to L. W. Hubbard, is oper- 
ated several months each year. About ten men are employed 
when the quarry is working regularly. The limestone is largely 
used for dux by the smelters at Leadville and Salida; in recent 
years it has also been extensively used in sugar refining by tbe 
factories of the Arkansas valley. The rock of these quarries is 
the blue crystalline limestone of the Ouray formation and iB 
nearly pure calcium carbonate. (See analyses in the chapter on 
Paleozoic sediments.) 

BUILDING AND MONUMENTAL STONE AND STONE FOR INTERIOR 
WORK 

MARBLE 

There is a large amount of marble in Taylor Gulch and in 
the vicinity of Cree Camp, which will probably be valuable when 
the hetler-known supply in other localities is exhausted, if not- 
before. A small quantity at the head of Taylor Gulch is blue, 
but most of the marble is pure white. The chief objectionable 
features are the general coarseness of texture and, at tbe surface, 
tbe frequency of joint plnnos. Wollaatonite, diopeide, and ser- 
pentine are locally seen in patches, but much of the marble is 
entirely free from these silicates. 

A prospect near the Exchequer shaft is said to have supplied 
a small quantity of marble for the Colorado capitol. The largest 
blocks seen on the dump were about six feet long. Tbe marble 
is pure white and practically free from silicates. 



.dr,yGoogIe 



ONYX MARBLE 



Onyx marble of good quality was takeo from a shaft on or 
near the Bill Ingeraoll claim. Whether or not there is sufficient 
marble here to warrant further development is .not known. 



The name granite ia here used in tbe commercial sense to 
inclode rocks closely related to granite in texture and composi- 
tion. There is no apparent reason why the Princeton quartz 
monzonite would not make a good building stone. The texture, 
composition, and color, are suitable; joint-planes are not com- 
monly BO closely spaced as to cause waste in quarrying. A small 
amount of this rock has been quarried on Chalk Creek. Both 
varieties of quartz diorite would make good monumental stone; 
they would probably dress well, take a good polish, show letteV 
ing distinctly, and have an attractive color. It is possible that 
frequency of jojnt-planes would be a disadvantage. The Etna 
quartz mouzonite porphyry could be readily worked and would 
be an attractive stone for monumental purposes. All the rocks 
mentioned here are some distance from the railroad. 



Tbe dark blue qnartzite at the base of the'Garfield formation 
has a very attractive color and should take a high polish. With- 
ont doubt it would make a suitable monumental stone where 
large dimensions are not required. This qnartzite is found withlh 
a few feet of the railway. It can be readily examined east of , 
the Lilly tram terminal, at a prospect near the creek. 
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ECONOMIC GEOLOGY OF THfe TOMICHI DISTRICT 

HISTORY OF MINING 

Ore was first discovered in the Tomichi district in 1879; 
the North Star, Nest Egg, Denver City, David H,, Legal Tender, 
Lewiston, and probably Eureka claims were located the same 
year. Before the fall of 1882, the Lilly, Silver Cord, Annie 
Hudson, Erie, Victor (originally Beta), and Defiance claims 
were located; eeveral had already produced payable ore. Later 
discoveries on other claims were made, and from 1880 to 188'! 
mining and prospecting were vigoroasiy carried on. From 1885 
to 1893 the district was fairly prosperous, but since 1893 only a 
few mines have produced ore in considerable quantity. 

Few, if any mini's were regular shippers for many years. 
Two or three years of heavy production by a mine were likely 
to be followed by a period of inactivity for that mine, while 
another, previouslj- unproductive, would become a heavy pro- 
ducer. Since 1910, when the Survey began work in the dis- 
trict, considerable development work has been done on a few 
properties, and ore has been shipped from the Morning Star, 
Spar Copper, Erie, and West Point mines. 

The isolation of the district has been a severe handicap. 
Only rich ore could be profitably hauled by wagon to Sai^ents 
and shipped by rail over the range to the smelters at Pueblo 
and Denver. Two small smelters were erected south of White- 
pine. One is said to have been operated intermittently for 
several years, the other about three months. A large mill 
south of W^hitepine seems not to have treated much ore. 
Expensive litigation between mine owners and a lack of co-op- 
eration appear to have been contributing cautes of the decline 
of mining, and when the known high-grade ore bodies failed 
there was but little tendency to spend money in development work. 
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PRODUCTION 



The total output of the district is unknown. The Mint 
reports give the production of several mioeB for single jears; 
these figures are quoted in the section on the description of 
mines. The oatput of many of the largest producers is not 
given in the Mint reports, and it is improbahle that the total 
production of any single mine is there recorded. 

WATER SUPPLY AND TIMBER 

Tomichi Creek carries abundant water for any needs of 
the district, but the Sow in most of the tribatary streams is 
small except during the rainy seasons. Timber for mining pur- 
poses is abundant, though there is but little in the immediate 
vicinity of many of the mines. 

QROUND WATER 
It is said that it was difficult to keep many of the former 
producing mines well drained, and during recent summers the 
level of the water was high in many unused shafts. During 
the summers of 1910 and 1911, though the rainfall was heavy, 
the small amount of water removed from the Morning Star 
mine — the deepest now operating — was hoisted in the ore 
bucket. 

CHARACTER OF THE ORES 

In metallic content and chemical and mineral composition, 
the ores of the Tomichi district present a considerable variety. 
Hetals that have been produced in commercial quantity, are: 
gold, silver, lead, zinc, copper, and iron. By far the most 
important metals produced by tbc largest mines in former 
yeara are silver and lead. The silver-lead ores that are now 
being mined arc chiefly sulphide ores, but most of the mines 
produced lead carbonate from near the surface. Limestone 
and dolomite constitute the principal gangue of the largest 
known ore bodies, in the sedimentary rocks. The chief gangue 
minerals of the fissure veins are quartz and pyrite. The iron 
ore bodies are of magnetite and limonite. 

TENOU OP THE ORES 

There are no available data by means of which the average 
value of the ores can be determined. The range however, is 
great, and it is probable that most of the ore from near the 
surface was of high grade. 
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Part of tbe ore of the Lilly mine is said to have carried 
as high HB 200 ounceB in silver per ton, and mnch that carries 
about fl.OO in gold and 26 ounces silver per ton and 2 to 6 
per cent copper was thrown on the damp. The one carload 
shipped from the Silver Cord mine ran about 85 ounces silver 
per too and 40 per cent lead. The Legal Tender is reported 
to have produced much lead carbonate ore that carried 40 
ounces silver to the ton. The best ore of the Lewiston is 
reported to have yielded about fSOO to |1,000 per ton in gold 
and silver. The Fort Scott ores averaged f50 to flOO a ton 
in gold, silver, and lead. The Mint report for 1383 states that 
the North Star ore at 110 to 130 feet van chied; galena aver- 
aging 110 ounces silver per ton and 50 per cent lead. The 
same authority for 1881 states that an ore body of the Annie 
Hudson ran 80 ounces silver per ton. The Victor ore is 
reported to bave averaged |62 per ton in silver and lead. An 
assay of the Morning Star ore showed .14 ounces gold and 19.10 
ounces silver per ton, 22.7 per cent lead, and 45 per cent Einc. 
The high-grade ore of the Denver City mine is reported to have 
had a value of abont |200 per ton. 

Doubtless much of tlie oro was of lower grade than the 
examples mentioned, but very low-grade ore could not be profit- 
ably hauled 12 to 15 miles by wagon to Sargents, and shipped 
to (he smelters at Pueblo and Denver. As a result there Is 
probably remaining much ore which, in districts more favor- 
ably situated, would pay well. It is known that there is much 
low-grade ore in the undeveloped fissure veins. 

MINERALOGY OF THE ORES 

All the metallic minerals known to be present in the 
Tomichi district are included in this section, though some of 
them are not found in sufficient quantity to be considered ores. 
The few gangue minerals known are also included. The metal- 
lic minerals are listed alphabetically under the name of the 
most important metal which each contains, and notes on the 
occurrence of each are given. For the convenience of miners 
and prospectors in the district who may not have at hand a 
text-book of mineralogy, the percentage of the most important 
metal in each mineral is given. 
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Oreenockite cadmium aulphide, Cd8 — cadmium 77,7 per 
cent. Greenockite occurs ae a yellow coating od the sphaleritic 
ore of the Bill Short mine and of a prospect a few hundred 
feet east of the portal o' the Bill Short tunnel. In order to 
determine the amount of cadmium present iu the sphalerite 
itself a sample was selected that showed practically no green- 
ockite. This sample — sphalerite with galena, chalcopyrite, and 
qaartz — assayed by Mr. Watts, carried 32.65 per cent zinc and 
.24 per cent cadmium. 

COPPEB 

Azurite, basic cupric carbonate, 2CuC0,.Cu(0H)j — copper 
66.3 per cent. Azurite was found in very small quantity in 
specimens from the Victor mine and from near the Iron King mine. 

Chaicodte, cuprous aolphide, CujS — copper 79.8 per cent, 
Chalcocite forms a thin, black, sooty coating on pyrite in the 
Princeton tunnel. 

Chalcopyrite, copper-iron sulphide, CuFeSj — copper 34.5 

per cent. Cbalcopyrite, in small quantity, associated with zinc 

blende, galena, and pyrite was found at several mines. It 

occurs in the fissure veins in the granite and quartz monzonite, 

' and in the replacement deposits in limestone. 

Copper, native. Native copper is said to have been found in 
the Morning Qlim tannel. 

Cupi-ite, cuprous oxide, Co,0 — copper 88.8 per cent. A small 
pocket of this mineral near the Iron King mine is reported to have 
' yielded two tons of rich copper ore. 

Enargite, copper sulpharsenate, CUjAsS, — copper 48.3 per 
cent. This mineral was found associated with pyrite in a speci- 
men from the Morning Qlim tunnel. 

Malachite, basic cupric carbonate, CuCo,.Cu{OH), — copper 
67.64 per cent. The green carbonate of copper is found in con- 
siderable quantity in veinlets and impregnations on Copper 
Hill, particularly on the northwest slope. Kear the Iron King 
mine and at the Denver City mine small specimens of good 
malachite were found. As a stain it is common on surface rock 
and ore specimens of several mines and prospects. 

Tennantite, CUgASjS, — and tetrahedrite, Cn,SbjSj. Tetra- 
hedrite, or gray copper, is reported from the Spar Copper, Lilly, 
David H. and Victor mines. A specimen from the Victor mine, 
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showing by a qualitative test an appreciable qnantity of arHenlv, 
was sabmitted for a quantitative determination of arsenic and 
antimony. This specimen, wbicb contained considerable galena, 
carried 3.60 per cent antimony and 2.87 per cent arsenic, as 
determined by Mr. Watts. Tbe molecular ratio of the con- 
tained antimony to arsenic is therefore approximately 30 to 38. 
This spe<.-imen is hence tennantite grading toward tetrahedrite. 

GOLD 

Native gold is said to have been present in the ores of 
the Lewiston and Pet mines. Gold values are found in tbe sul- 
phide ores of the Spar Copper, Morning Star, and Lilly mines. 
Several quartz veins in tbe quartz monzonite carry gold near 
tbe surface. 

IRON 

Bematite, ferric oxide, Fe^O, — iron 70 per cent. No hematite 
was seen with the oree>', but a small amount of specular bematite 
has been developed by contact metamorphism about half a mile 
west of Granite Mountain. 

lAmonite, ferric oxide with water, 2Fe,03.3H,0 — iron 59.8 
per cent. Brown limonite is found as gossan above many of the 
ore bodies. It is also found associated with magnetite as a 
replacement in tbe vicinity of the Iron King mine, on Galena 
Creek about a mile southeast of the Iron King, and in tbe sedi- 
ments near the quartz monzonit<> three-fourtlis of a mile west- 
northwest of Granite Mountain. It is very common southeast 
of Lake Hill where it is frequently iridescent. On the north- 
east slope of Lake Uill, limonite is found as pseudomorphs 
after pyrite, in cubes from one-fourth inch to two inches on an 
edge. As bog ore limonite is found near Tomicbi Creek, about 
a mile and a half above Whitepine, The deposit, which is about 
three feet thick, is porous, the liniouite having I'eplaced vegetable 
material. 

Magnetite, a compound of ferrous oxide and ferric oxide, 
FeO.FejOj — iron 72,4 per cent. Magnetite is found at several 
places in tbe sedimentary rocks not far from the quartz mon- 
zonite and. in one locality, in quanrity sufficient to constitute 
a workable iron-ore body that has been opened up by tbe Iron 
King mine. Here the magnetite is associated with serpentine 
and tremolite. Not far from the mine and elsewhere, limonite 
is commonly associated with the magnetite. 
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Pyrite, iron disalpbide, FeS, — iron 46.6 per cent. Pyrite 
ig common' in all the veins that carry sulphides and is also 
frequently found disBeminated through the wall rock in the 
granite and quartz monzonite areas. Much of the pyrite is copper- 
bearing as shown by the green coating that specimens acquire when 
they are exposed to the weather. 

Turffite, hydrous ferric oxide, 2Fe,0,.HjO — iron 66,2 per cent. 
Bed, massive turgite is found in small quantity associated with 
limonite southeast of Lake Hill. 

LEAD 

Anglesite, lead sulphate, PbSO, — lead 68.3 per cent. Anglesite 
was seen at a shaft near the top of Clover Mountain. This angle- 
site, though not transparent, is of good quality. It is said that con- 
siderable lead sulphate was produced by the'Eureka mine. 

Ceruaaite, lead carbonate, PbCOj — lead 77.5 per cent. Both 
hard and soft lead carbonate were found in the oxidized zone 
in several of the mines of the sedimentary area. The carbonate 
commonly carried high silver values. The soft variety was 
admixed with more or less limonite. Hard, dark-gray crystal- 
lized ceruasite from the Denver City mine was seen by the 
writer. 

Oatena, lead sulphide, PbS — lead 86.6 per cent. Coarsely 
crystallized galena is found in the deeper workings of nearly all 
the mines. 

HANQANESB 

Pailomelanej perhaps H^MnOg — mangajiese nearly 40 per cent, 
Psilomelane is found in the limestone a short distance above the 
granite, a few hundred feet southwest of the Breadwinner mine. 

MOLYBDBNDU 

Molybdenite, molybdenum disulphide, MoS,— molybdenum 
60.0 per cent. This mineral was not seen in the course of the 
present survey, but it has been reported from a prospect near 
Tomicbi. 



In addition to the two silver minerals named below, rich 
eilver-bearing lead carbonate and galena have been found in 
several mines. BilverrbeariDg tetrahedrite has been reported 
from the Lilly, Spar Copper, David H., and Victor mines. 

<10) 
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Silver^ native, Ag. Native silver, aeaociated with native gold, 
is aaid to have been found in considerable qnantitj in the high- 
grade ore of the Lewiston and Pet minea. 

Stephanite, or brittle silver, silver sulpbaotimonite, 
AgjSbS^ — silver 68.5 per cent. Stephanite of good quality is 
foaud in the David H. mine. 

ZINC 

Calamine, hjdrouK zinc silicate, HjZn,8iOj — zinc 54.2 per 
cent. Colorless to black calamine is found in the Breadwinner, 
Denver City, and David H, mines. It is partly in groups of 
radiating crystals. 

Smithsonite, zinc carbonate, ZnCO, — zinc 525 per cent. This 
mineral, in earthy form and yellow to black in color, faas been 
found in the Annie Hudson and Legal Tender mines. 

Sphalerite, or sine blende, zinc sulphide, ZnS — zinc 67 per 
cent. The ores of the Morning Star mine contain a large pro- 
portion of fine-grained sphalerite; the sphalerite of the West 
Point mine has a coarse grain, steel gray color, and metallic 
luster; that of the Erie mine has a coarse grain, brown color, and 
sub-metallic luster, the sphalerite of Robbins Gulch is coarse in 
texture and resinous in luster. 

QANOUB AND NON-METALLIC VEIN MINERALS 

Barite, or heavy spar, barium sulphate, BaSO^. Barite is said 
to be present near the ores of tbe Lilly mine. 

CaUnte, calcium carbonate, CaCOa. Vein calcite is foand 
with some of the sulphide ores of the Victor mine. At the dump 
of a caved tunnel in the Etna porphyry on the south slope 
of Monumental Mountain may be seen considerable vein quartz 
and coarsely-crystallized calcite in blocks nearly a foot in diam- 
eter. It is hence inferred that the quartz and calcite are asso- 
ciated in a fissure vein. Calcite and fluorspar are associated 
in the vein of the Brittle Silver mine on the northwest slope 
of Brittle Silver Mountain. Limestone and dolomitic limestone 
form the walls of several ore deposits in the sedimentary rocks 
east of Whitepine. 

FUiorite, or fluorspar, calcium fluoride, CaFj. Green fiuor- 
spar is found in tbe Brittle Silver vein which extends south- 
ward through Central Mountain. In the Tomicbi district tbe 
vein is about two feet wide; but a small part of the filling is 
fluorspar, while the greater part is quartz. Another oorth- 
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BODth flesure vein a few yards east of Tomichi PasB is filled with 
fluorspar and quartz. The vein, which can be traced only a - 
few hundred feet, varies from a few incbeB to three feet in 
width and is filled with fluorite and qnartz. 

Qum^z, silica, BiOj. Quartz is the principal filling of all the 
fissure veina. 

Serpentine, 3MgO.2SiOi.2HaO. MaBfclve, gray to green serpeo- 
tine ia associated with magnetite in the Iron King iron mine. 

TremoUte, CaO.3MgO.4SiO,. Microcrjatalline tremolite may 
be seen in thin sections of the serpentinoiiB iron ore of the Iron 
King mine. The amount of observed tremolite is small, and it can 
scarcely be detected without the aid of a microscope. It is impor- 
tant only in its bearing on the origin of the ore. 
CLASSES OF ORE DEPOSITS 

The classes of ore deposits that have been recognized in 
the Tomichi district are: 

1. Replacement ores in limestone and dolomite. 

2. Contact deposits. 

3. Fissure veins. , 

4. Bog iron ore. 

BEPLACDUSNT DEPOSITS 

There is little, if any, donbt that all the ore bodies hith- 
erto found in the Paleozoic sediments are replacement deposits. 
A few, however, tho&e of the North Star, Kloming Star, and 
Victor mines, are in contact with a rhyolite porphyry dike, but 
it is DOt known that there is any genetic relation between the 
ores and the dike. Continnous BbootB for at least 200 feet in 
length have been found in a few mines, but the history of most 
of the mines and the evident shallowness of the mine work- 
ings lead to the inference that much of the ore was in buncbeB. 
The deepest shaft in the district is said to be 365 feet deep. 

The favorite localities or horizons of the replacement ore 
bodies are: (1) in and near the faults, (2) in the basal part 
of the Tomichi limestone, and (3) near the quartzite strata. In 
the vicinity of several mines the limestone has been changed 
to marble by contact metamorphism, and tremolite has been 
locally developed. Ore bodies in these positions approach in 
character or are identical with, the contact-metamorpbic type 
described below. 
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CONTACT DEPOSITS 

Id addition to the silver-lead ores that are in contact with 
a porphyry dike, there is a body of magnetite near the north- 
west extremity of the Morning Olim fanlt that deaerveB men- 
tion. This magnetite is also in contact with a dike of rhyollte 
porphyry and associated with the ore are tremolite and serpentine. 
The iroD-ore deposits were mapped by Harder and Ward in 1906 
and a detailed description by Harder' was puhlished in a halletin 
of the U. S. Geological Snrvey. Harder says : 

Tbe principal deposits vary In tblcXneea from 6 to 40 feet, and ex- 
tend along the contact for a distance of several hundred yards. Beyond 
In either direction Is merely a local atatnlng and a tew small veins. Ore 
occurs also In email bodies where the rhyollte has Intruded the sediments 
away from the granite contact, especially where the Bedlments are lime- 
stones, and a fev deposits are found In the limestone away from the in- 
trusive masses. Tbe deposits along tbe granite contact and In associa- 
tion with tbe rhyollte consist largely of magnetite, but tbose entlreljr 
within the limestone, at some distance from, the Igneous rocks, are com- 
posed ot dark-brown porous llmoolte. 

Tbe ore associated with the Igneous rocks Is mainly a glossy, black, 
compact magnetite with seams and specks of llmonlte. Locally this ore 
grades Into blue, flne-gtalned magnetite with ^lorlte, quarts, and caldte 
disseminated through It, similar to some of the Taylor Peak ore. In the 
IroQ King cut, masses of serpentine and quartzlte aro Interlayered vlth 
the magnetite. Large masses of brown ocherous material, which proba- 
bly represent partial replacements of the Itmestone-shale formation, oqcur 
between tbe sediments and the ore bodies. This partly replaced bord«' 
varies In thickness and degree ot alterallon; In some places It conslets 
merely of stained quartzite', but elsewhere It is soft and friable and oon- 
tains numerous veins of magnetite, llmonlte, chlorite, and kaolin. Here 
and there masses of partly replaced sandstone and shale occur as lenses 
surrounded by ore or as tnnds between adjacent ore deposits. The sedi- 
ments near the ore deposits are heavily impregnated with contact min- 
erals, among which the most conspicuous are epidote, chlorite, ampblbole, 
pyroxene, garnet, pyrlte, and magnetite. 

From the foregoing statements It Is clear that the iron ores are re- 
placements of the calcareous parts of the limestone-shale formation. The 
nature of the gangue minerals shows the solutions to have had. a deep- 
seated source, but the distribution of the deposits does not show as clearly 
as the Taylor Peak deposits the nature of Ibis source. Tbe fact that the 
deposits He along tbe granite contact seems to point to tbe granite as the 
source, yet that rock Is presumably much older than the overlying rocks 
that contain the ores. Tbe association ot the Intrusive rhyollte with the 
granite contact and hence with tbe ores appears more significant It is 

e depOBita, Colorsido: 
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probable tbat tbe rb;o11te intruded at tbla horizon, because It was easier 
of access, on account o( the (racturtng, and that the ore-bearing solutions 
were associated with It. Direct evidence for thia h;potheBla is not every- 
where plain, yet the ore bodies and tbe rhyolite are closely associated 
and tbe sedlmeata become altered and Iron stained as tbe IntmaiTe rock 
is approached. 

Harder evideiitl; overlooked the intmsive qaartz monzoD- 
ite within a few hnndred feet of the magnetite. This over- 
sight could be readily explained by tbe similarity in appear- 
ance of the weathered quartz monzonite and weathered granite. 
In general, the alteration of the sediments in contact with the 
porphyry dike Is insigniflcant in comparison with tbe contact 
metamorphism brought about by the intrusion of the qnartz 
monzonite batholith. In the opinion of the present writer tbe 
magnetite body, in all probability, owes its origin to emanations 
or solutions from the qnartz monzonite intrusion. 

PIBfllTEH VaiNS 

Fissure veins are found in the pre-Cambrian granite, the 
Princeton quartz monzonite, and the Etna quartz monzonite 
porphyry. There are now but few opportunities to observe 
these veins. On a few slopes where tains has not accumulated 
they may sometimes be found outcropping, and they may be 
observed in a few prospects. But most of the mines which 
have opened up these veins are now closed, and nearly all the 
shallow prospects are caved. However, the proportion of vein 
material to country rock on many dumps indicates that tbe 
veins for the most part vary from a few inches to three or 
four feet wide. The Spar Copper vein in tbe Parole tunnel is 
said to average about three and one-half feet wide. The Lilly 
vein is reported to be eight inches to five feet wide. The veins 
vary in strike from due north to N. 65° E. Those that have 
been observed stand vertical or dip northwestward at a high 
angle. 

By far the greatest number of the fissure veins are in the 
qnartz monzonite; a few are in the quartz monzonite porphyry. 
Tbe veins in these rocks probably owe their origin to fissures 
formed by contraction of tbe crust of the intruBive body, as 
it cooled and crystallized, and a subsequent filling by mineral 
solutions from the more highly heated deeper portions of tbe 
intrusive bodies. Tbe only fissure veins in the granite that 
have been observed in this district are within a few hundred 
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feet of the quartz monzonite with which they are probably 
genetically connected. 

The vein filling is commonly quartz with more or less 
pyrite, but workable ore bodies containing native gold and sil- 
ver, tetrahedrite, chalcopyrite, galena, and zinc blende have 
been found. In the few veins that. occur in the porphyry, 
fluorspar, calcite, and quartz are common. Each may occur in 
masses a foot or more in diameter. 

BOO IRON ORE 

A small deposit of bog iron ore is expoaedi in an open cut 
near Tomichi Creek, about a mile and a half above Whitepine. 
The deposit is shown by the cut to be at least three feet thick. 
It is porous and replaces vegetable material. There is much 
pyrite in the igneous rocks on the slopes east of the creek; 
and it is from this pyrite, by oxidation and hydration, and 
from the ferromagnesian minerals of the same rocks, by weath- 
ering, that the limonite was probably derived. 

Oxidation and secondary enrichment 

The available information on these subjects is scant, yet 
it is evident that nearly all the mines have produced oxidized 
ore from near the surface. Lead carbonate is said to have been 
very common and lead sulphate is said to have been mined in 
quantity on the Eureka claim. Evidently the zone of thorough 
oxidation did not greatly exceed 100 feet in depth. In itbe 
Morning Star mine carbonate ore was mined at a depth of about 
100 feet and upward. Sulphide ore 'Was found in the Victor 
mine 75 feet below the surface. The Mint report for 1883 states 
that the ore exposed in three shafts 110 to 130 feet deep in the 
North Star claim, was chiefly galena. But few of the shafts 
in the sedimentary area are over 200 feet deep, yet sulphide 
minerals may be found on nearly all the dumps from the deeper 
Bhafta. Pyrite has been found in a few prospects in the sedi- 
mentary area at a depth of about 20 feet, though oxidation is 
well advanced. In the area of igneous rocks, much pyrite has 
been taken from shallow prospects in the fissure veins. Much 
of the pyrite shows that 07<dation is well advanced. 

In the Princeton tunnel at a depth of about 100 feet there 
has been partial removal of the pyrite and deposition of a 
thin coating of chalcocite on the remainder. This is the only 
known strong mineralogical evidence of secondary sulphide 
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eDricbment id tbe flesare veios, but it is very probable that 
part of the high-grade silver ores that have been mised from 
these reins was in the zone of sulphide enrichment. ETidenees 
of this are the oxidized zone overlying the sulphides and the 
evident rapid decrease in values of the sulphides with increas- 
ing depth'. The same evidence holds for probable secondary 
sulphides in the replacement deposits. No high-grade ore has 
been reported from the deepest workings of the mines that are 
now idle. While perhaps incapable of proof, on mineralogical 
and textural grounds, the rich sulphide ore of the Morning Star 
mine suggests enrichment by the deposition of secondary sul- 
phides. While the minerals all have a fine grain there are 
thin veinlets of galena penetrating the ore which is composed 
chiefly of zinc blende. The galena was evidently deposited 
later than the zinc blende. It is probable that the zinc blende 
was deposited from sulphate solntions originating in the oxide 
zone above which now retains no zinc. The less soluble lead 
escaped complete removal and much of it remained in the oxi- 
dized zone as the carbonate while a small proportion was. prob- 
ably carried below to be deposited as secondary galena. The 
sulphide minerals from the bottom of the shafts of most of the 
mines are coarse in texture and display no regularity in arrange- 
ment. The slight evidence available, ■ therefore, seems to favor 
the opinion that the oxidized zone in this district is but little, 
if any, more than 100 feet deep, and that the zone of sulphide 
enrichment does not extend more than 300 feet below the 
surface. 

GENESIS OF THE ORES' 

The structural relationships of the sedimentary and intru- 
sive rocks; the presence of characteristic contact-metamorphic 
minerals with or near certain ore bodies; the general minerali- 
zation of the granite near the quartz monzonite; and the com- 
munity of ore minerals in the replacements, in Assure veins 
in the granite, and in fissure veins in the quartz monzonite 
point to the quartz monzonite intrusion as the source of most 
of the ore bodies. It is not improbable that the mineral-bear- 
ing solutions emanated in large part from the magma. 

Possible exceptions, among the replacement deposits, to 
this origin, are the ore bodies in contact with the rhyolite 

■See Ransome, F. !>., Crtteria of dowimard sulphide enrlctameDt; Economto 
OeOlOKy. vol. S. IBID, pp. SOE-iSO. 

*See also "xeneslB of the ores" ot the Monarch district. In Chapter X. 
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porphyry dike. Yet this dike is narrow, and its margin of 
pitchstone indicates that it either carried but little mineraliz- 
ing vapor or cooled rapidly, or both. Under sncb conditions 
it seems hardly reasonable to believe that any genetic relation- 
ship exists between it and some of the largest known ore bodies 
in the district. More probably this dike was intruded near and 
through ore bodies previously formed. 

DEPTH AT WHICH THE ORES WERE DEPOSITED 

The reasons for believing that the Monarch ores were depos- 
ited at a depth of at least 7,000 feet, were stated in the pre- 
rioas chapter. The Tomichi ores were, in all probability, depos- 
ited at the same time and at a similar depth. A cover at least 
7,000 feet thick has probably been removed by erosion since 
the ore bodies were formed, 

FUTURE OF THE DISTRICT 
Though the enterprise of only a tew of the mine owners is 
locally evident, the geology of the district offers much for en- 
couragement. Opportunities for underground study are few, and 
what follows is baaed almost exclusively on observations made 
at the surface. There is no available information concerning the 
degree of continuity of most of the ore bodies previously mined, 
but in view of the shallowness of the mine workings it is evident 
that continuous shoots of lai^ size, of rich ore, were rare or 
absent. ^Nevertheless, thick strata of easily replaceable limestone, 
connected by faults with a large batholith of quartz monzonite 
of later age or directly crosscut by the quartz monzonite intrusion 
should provide conditions favorable to the deposition of metallic 
minerals. Whether or not there has been extensive mineraliza- 
tion or whether possible mineral deposits would take the form 
of pyrite or more valuable minerals, only deep prospecting can 
determine. If the abundant limonite at the surface is indicative 
of payable ore below, m it is in the Monarch district, extensive 
prospecting is justified. There is perhaps but little to encourage 
single-handed prospecting or the extensive development of a single 
claim in the sedimentary area, but the development of claims in 
groups could be effected economically. The consolidation of 
interests and a concentrating mill to treat the sulphide ore that 
evidently exists in the old mines would do much toward placing 
these properties on a paying basis. 
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In thoBe fissure veins which contain ore of too low grade for 
shipping the qnantitj and availability of the ore for coneentrat- 
iug should be thoroughly investigated. A number of samples 
were collected from the dumps of shallow prospects in the fissure 
veins west of Tomichi Creek, in order to determine whether or 
not they carried gold and silver in appreciable quantity. The 
samples were collected throughout an area of three or four square 
miles. Ail are from shallow prospects, mostly less than 20 feet 
deep. No samples from former producing mines were assayed, 
and several specimens of good galena were not tested. The 
character of the samples and the amount of gold and silver which 
they contained are shown in the following table: 

Aigayg of gamplea from prospects in fissure veins 



Quartz and galena 

Quartz, galena, sphalerite, pyrile. 

Quartz and pyrlte 

Quartz and pyrlte 

Quartz and pyrlte 

Compact quartz 

Quartz and pyrlte 

Iron-atalned quartz 

Quartz and galena 

Quartz and galena 

Quartz and pyrlte 

Quarts 

Quartz 



Ounces gold 


Ounces silver 


^rton 


pertcm 


trace 


2&.eo 


trace 


4.42' 


trace 


1B.76 




1.67 


trace 


1.40 


.12 ■ 


4.88 


.14 


• .86 


trace 


IM 


.02 ' 


none 


.OS 


19.47 


trace 


2.36 


.24 


7.84 


3.58' 


267.70* 



The amount and availability for concentration of the cop- 
per ore on the northwest slope of Copper Hill should receive 
attention. 

At the risk of error, a few virtually unprospected localities 
and horizons that seem to merit examination, will be men- 
■ tioued. In several of these localities the presence or absence 
of ore bodies could probably be ascertained at little expense. 
Faults in the limestone, wherever they are not too far from the 
quartz monzonite, should be prospected. Locally, these show 
much limouite at the surface. The rock along the Morning Glim 
fault is mineralized as far southeast as the Annie Hudson mine. ' 
Whether or not this fault intersects the Star fault is uncertain. 
Though pronounced displacement in line with the Star fault, 
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near the Morning Glim fault, wbere Galena Creek croBses the 
latter, may not have taken place, the rock is probably much 
fractured and Bhould be snsceplible of replacement. This could 
be tested, at small cost, by sinking a shaft through the allo- 
Tium. The faults near the quartz monzonite west of the north- 
west -corner of the area mapped, might carry ore bodies. The 
geology in this part of the district is similar to that of Lake 
Hill. 

The limestone immediately overlying the granite has been 
prospected only superficially. Evidences of ore bodies heje are 
found in the sulphide ores of the West Point mine, in the 
deposits of psilomelane on the west slope of Lake Hill, and 
in the record of the Little May and May Mazeppa mines which 
are in this limestone. It is hardly probable that afl the replace- 
ment deposits near the quartzite strata have been discovered. 
Limestone in contact with the quartz monzonite should receive 
attention. 

The sedimentary area should be reprospected for zinc. In 
the eighties this metal was avoided and payable ore bodies 
may remain in the old mines. Specimens of good zinc ore were 
collected from the Denver City, Breadwinner, and Annie Hud- 
son dumps in the course of the field work. The quantity of 
this ore in the mines is unknown. 

DESCRIPTIONS OF MINES 

Bince for many years most of the mines have been idle 
they are now caved or partly filled with water. But few could 
be entered when the Survey party was in the field. Such obser- 
' vations as could be made are recorded in the following pages, and 
to these observations have been added notes from other sources 
concerning a few mines. The output, when given, of mines for sin- 
gle years or a few years, taken from the Mint reports, in all prob- 
ability is not the total output of most of the mines so reported. ' 
The output of the same mines for other years, was probably 
included witb the confidential reports. 

The mines, in so far as it can be done conveniently, will 
be described in a geographical order, beginning with those 
southeast of Wbitepine. In large measure this is also a geolog- 
ical grouping, since the ores of the mines east and southeast 
of Whitepine are chiefly replacements in Paleozoic sediments; 
the ores west of Tomichi Creek are chiefly in fissure veins in 



.dr,yGoogIe 



.dr,Google 



.dr,Google 



TOMICHI MINES 299 

tbe qnartz monzonite; while those of BobbioB trnA Fort Scott 
galchee are chiefly in the sediments and the pre-Cambrian granite. 

LITTLE MAT AND MAY MAZBPPA MINES 

These mines, which are on adjoining claims just east of 
Kortb Star, have been worked through shafts that are eyi- 
denfly not deep. The shafts are in the limestone between the 
granite and "parting quartzite." 

The Mint report gives as the production of the May, Con- 
tact, Mazeppa Mining <^ompany, for 1888, the following: gold, 
1300; silver, $11,636 (coinage value); lead, $2,640. The Mint 
report also gives |580,115 as tbe production of the May Mazeppa 
in 1891; of this amonnt |305,200 was the coinage valne of silver, 
and 1274,915 was the value of lead. 

WiCST POINT MINB 

The West Point tunnel has been driven southward in the 
granite about 300 feet, and thence in the limestone near tbe 
granite about 200 feet. The limestone, which is in part altered 
to diopside, is much broken near the granite-limestone contact. 
In shallow holes at' tbe surface and also in places in the tunnel 
can be seen much limonite which has evidently been derived 
from pyrite. In addition, several small bunches and narrow 
streaks of sulphide ore were found when the tunnel was being 
driven. Several tons of ore were taken from these bunches and 
' streaks. The metallic minerals are chiefly pyrite, blende, and 
galena. 

In September, 1912, the owners reported tbe shipment of 
a carload of silver-lead carbonate ore from a body that had 
been encountered in an upraise at tbe granite-limestone contact. 



The Denver City mine workings include a shaft 200 to 250 
feet deep, and a tunnel several hundred feet long. Most of tbe 
ore was hoisted through tbe shaft and is said to have been in a 
continuous, but patchy, shoot. The ore was in the limestone, 
some distance above the "parting quartzite." The Mint reports 
for 1888, 1889, and 1891, give $19,184, as the output for the 
three years. The values were chiefly in silver, with some gold, 
lead, and copper. Tbe tunnel is reported not to have opened 
up much ore, but specimens of good calamine and malachite 
may be found in the ore bin at the tunnel. 
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TtCTOR MINB 

The Victor mine — formerly called Beta mine — has tieen 
worked through an inclined shaft and a abort tnnnel. (See PI. 
XVI, B.) Most of the ore waa produced in the nineties and was 
hoisted through the shaft. The ore bodies were ioaccessible in 
1910 and 1911, but Mr. Emil Peterson, one of the owners, has 
furnished the iDformation given in the next paragraph. 

The largest ore body hitherto discoTered in the mine ex- 
teoded from the surface to a depth of 182 feet and was just 
west of the porphyry dike that may be seen in the Morning Btar 
mine. The longest drift on the ore has a length of 300 feet. 
The greatest thickness of the ore body was eight feet. The ore 
was chieSy silver-bearing lead carbonate and averaged $C2.00 a 
ton in value. A few years ago a tunnel, which was driven 200 
or 300 feet, cut a body of sulphide ore about 75 feet below the 
surface on the east side of the porphyry dike — that is, between 
the porphyry and granite. This ore was in or near the Star 
fault. Of the fouD carloads shipped from the tunnel the best 
ran 93 ounces silver per ton, 26 per cent lead, and 6 per cent 
copper. A winze was sunk 50 feet from the tunnel, but work 
was suspended on account of the large volume of water. The 
production of the mine has been about (500,000. 

Specimens from the dump of the old workings show a little 
galena, calamine, azurite, and malachite. The dump shows 
much iron stain. Spectmeus from the tunnel carry galena with 
tennantite and a little pyrite. The ore is penetrated by narrow 
veins of calcite. 

The mine is equipped with a steam hoist. 

MOBNtNQ STAB UINB 

The Morning Star mine is worked through an inclined shaft 
240 feet deep-^n the pitch— and a tunnel about COO feet long. 
The tunnel intersects the abaft about half-way between the col- 
lar and the sump. 

The ore of this mine lies partly in the Star fault, between 
limestone and granite, but chiefly in the limestone just west of 
the fault. The ore is partly above and partly below the east- 
ward-dipping rhyolite porphyry dike which cuts the limestone 
a few feet west of the fault. The contact between the ore and 
limestone is generally sharp, but evidence that the ore is a re- 
placement deposit is found in the residual blocks of limestone, 
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several inches in diameter, Burronnded by ore, about iO feet 
above the bottom of the shaft. Althongb all the ore seen by 
the writer was sulphide ore, lead carbonate is reported to have 
extended down about 100 feet from the surface. 

On the tunnel level a drift juat east of the porphyry dike 
extends north 220 feet from the tunnel. It is reported that 
more or less ore was found throughout this distance. A small 
quantity of low-grade ore waB showing in the face of the drift 
when the mine was visited. Oxidized ore, oue to five feet thick, 
is reported to have extended upward 50 feet from the tunnel 
level where an upraise, near the tunnel, was driven. 

Just north of the bottom of the shaft a sulphide ore body 
about 15 feet wide was found. The ore extended north 25 feet 
where it narrowed to about one foot. This ore was in broken 
limestone a few feet west of the porphyry dike. About 40 feet 
higher, on the north side of the shaft, a face of ore six feet wide 
was seen. Apparently the shaft was sunk most of the distance 
in ore. 

In 1911 an upraise, starting east of the bottom of the shaft, 
bad been driven in sulphide ore nearly 100 feet when the mine 
was visited. Both sides of the upraise, which was 6 b^ 6 feet 
iu cross-section, were of ore. The upraise was inclined 47° 
from the horizontal — that is, the ore dipped eastward 47°. Tbla 
ore, whose determinable minerals were blende and galena, was 
in the limestone above the porphyry and evidently not many 
feet from the granite. 

On August 1, 1911, the bins contained about 300 tons of ore 
which could not be hauled to the railroad, at that time, on ac- 
count of the bad condition of the road, caused by excessive 
rains. It is reported that later in the year about 75 carloads 
of ore were shipped. No definite information of thg value of 
this ore in carload lots has been obtained. A sapposedly aver- 
age sample, from near the bottom of the shaft, assayed by Mr. 
Watts, ran .14 ounces gold and 19.10 ounces silver per ton, 22.7 
per cent lead, and 45.0 per cent zinc. This sample was com- 
posed of blende and galena with a few small crystals of pyrite, 

A crosscut, on the tuunel level, has been driven several hun- 
dred feet eastward in the granite. It is proposed to continue 
this crosscut to the granite-limestone contact, which has not yet 
been prospected more than a few feet below the surface. Far- 
ther down on the hillside a tunnel was being driven in 1912; in 
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Jul; it had reached a length of 300 feet. This tunae! is ex- 
pected to cut the Morning Star ore shoot 175 feet vertically be- 
lov the bottom of the shaft. 

The mine is equipped with a gasoline hoist and (an. 

NOBTU STAR MING 

This mine, which was operated only a few years, was worked 
through several shafts of which the deepest is 365 feet in depth. 
The ore was in or near the Star fault. Much limonite was fonad 
near the surface, and although part of the ore was oxidized, it is 
said that most of the ore produced was silver-bearing galena. A 
little pyrite and galena may be eeen on one of the dumps. 

The Mint report for 1884 states that a lai^ force had been 
employed throughout the year and that the output was four to 
six carloads of ore per week. 

The Dividend shaft — the deepest one — is covered by a good 
shaft house and equipped with a steam hoist. 

BREADWINNBB MINE 

This mine, which has produced only a small quantity of ore, 
was worked through a shallow shaft in the limestone not far 
above tBe "partii^ quartzite." A few hundred pounds of zinc ore 
— chiefly calamine — lay on the dump in 1910. A sample assayed 
by Mr. Watts, carried 37.70 per cent zinc. 

DAVID H. MINE 

The David H. mine has been worked through shallow shafts 
just above the black dolomite of the Ouray formation. The dol- 
omite has been changed to tremolitic marble; at about 400 feet 
north of the main shaft the marble carries a small quantity of 
galena. The ore of the mine is said to have been pockety and all 
that was mined came from within 100 feet of the surface. Galena 
was the most important ore mineral, but cerussite, tetrahedrite, 
and stephanite were also present. Specimens of cerussite and 
calamine may be seen on the dumps ; a specimen of good steph- 
anite from this mine was kindly furnished by Mr. W. T. McCon- 
nell. 

The mine is equipped with a steam hoist. 

EUREKA AND B0REEA-NEST EOO MINES 

These mines were worked through a number of shafts near 
the upper part of the Ouray limestone. The surface ore is said 
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to have been principally silTer-beariitg lead carbonate with some 
lead snlphate. Tbe ore of the deeper workings was chiefly silver- 
bearing galena. 

The Mint reporta give {92,904 as the production of these 
mines for the years 1887, 1888, and 1891. 

BBIB MINB 

The Erie mine is worked throngh a sbaft at about the same 
stratigrapbic horizon as the Eureka mine. A large body of low- 
grade zinc ore is said to be opened up. In 1910 the bin contained 
several tone of ore composed of zinc blende, pyrite, galena, and a 
little chalcopyrite. The ore would probably concentrate well ; 
with the present price of zinc it should t)e payable shipping ore. 
Some ore has been shipped from a winze sunk from a sbort tannel 
on the Erie property, a few hundred feet north of the main shaft. 
In 1910 about a carload of ore was on the dump at the tunnel. 
This ore was similar to that in the bin at the shaft but carried a 
larger proportion of zinc blende. 

Tbe output of the Erie is not known to the writer, but the 
Mint report for 1891 gives |16,399 as the production for that year. 
Of this amount f 11,746 was the value of lead and f4,654 the coin- 
age value of silver produced. It is reported that work in thi» 
mine was resumed in the antumn of 1912. 

The Erie shaft is equipped with a steam hoist, 

ANNIE HUDSON MINE 

Several caved tunnels and shafts may be seen on tbe Annie 
Hudson property, in and near the Morning Glim fault where it 
crosses Galena Creek. Much limonite is found at the surface and 
on the dump. The property has evidently not produced much ore, 
but about two tons could be seen near one of tbe tunnels in 1910. 
The ore was chiefly zinc carbonate with a little galena. An aver- 
age specimen assayed by Mr. Watts yielded 41.00 per cent zinc. 
The same sample carried 5.25 ounces silver per ton. 

SPAS COPPEB MINB 

The Spar Copper mine includes the Morning Glim and the 
Parole tunnels. Tbe Morning Glim tunnel starts in the Paleozoic 
sediments, a few feet south of the Morning Glim fault and extends 
northeast about 1,200 feet^ Through most of its course the tun- 
nel is said to follow a vein in the granite. The Parole tunnel 
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starts about 800 feet west-northvest of the portal of tbe Uorning 
Glim and about 200 feet lover. It croeecuts the sediments to the 
fault whence a drift has been run northeast about 500 feet along 
a Assure vein in the granite. This vein is evidently the same as 
that opened bj the Morning Glim tunnel and dips a few degrees 
from vertical toward the northwest. The vein on the lower level 
in not wide but carries good ore through a considerable part of 
its course. When seen by the writer, in 1910, the vein bad- been 
opened only a short distance and was nearly barren in the breast 
of the drift. However, a streak of good ore about a foot wide 
was showing in the top of the drift not far from the breast. Sev- 
eral carloads have been shipped from this level within the past 
two years. 

The ore of the Morning Glim tunnel is reported by the old 
miners of the district to have carried very high values in silver. 
It is stated that native copper, lying directly on the granite, was 
also found in this tunnel. Specimens in the Morning Olim ore 
bin are chiefly galena with copper-bearing pyrite and vein quartz. 
One specimen collected, shows enargite associated with pyrite. 

Manager T, H. Jenks has kindly furnisbed the following 
notes on tbe vein and ore as seea in the Parole tunnel : The vein 
averages about three and one-half feet wide and the pay-streak 
about one foot. The latter varies considerably as to position in 
the vein, being found both on hanging and foot wall, and some- 
times broken up into two or three stringers which invariably come 
together within a short distance. Both vein and pay-streak are 
continuous for a distance of about 500 feet though the latter 
pinches somewhat for about 100 feet of this distance. The vein 
occasionally opens into wider masses or lenses of ore, but invari- 
ably seems to hold its value. The ore consists of galena and chal- 
copyrite, together with tetrahedrite and pyrite, and generally car- 
ries a slight excess of silica with some calcite. There is also some 
sphalerite, though not enough to cause a penalty at the smelter. 
The principal value is silver, generally associated with galena and 
gray copper. Gold is also present in paying quantity. 

There are two other known veins on this property. One, 
locally known as the "Sitting Bull" is a silver ore carrying no 
lead or copper. Samples taken from this vein show 40 to 112 
ounces silver per ton with appreciable gold values. 
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The production of the mine is not definitely Icnown, but ac- 
cording to tbe moat reliable iuformation that Mr. Jenka baa, it Ib 
not less than ^0,000. 

IRON KINO MINE 

This mine is at or very near the Morning Glim fault in a de- 
posit of magnetite. Several carloads of ore have been shipped, 
but the operation of the mine proved unprofitable on account of 
tbe long haul and consequent heavy freight charges. Id 1910 tbe 
mine showed a face of magnetite, about 30 feet high. The mag- 
netite is associated with serpentine and fremolite, and in places, 
carries a copper stain. It is reported that two tons of rich cop- 
per ore, in the form of cuprite, were shipped from the surface 
near tbe magnetite body, but no other payable copper ore has been 
found in this vicinity. 

LILLT MINU 

The Lilly mine is in a northward-striking fissure vein in tbe 
Princeton quartz monzonite, near the contact Iwtween this rock 
and the pre-Cambrian granite. The dump is composed mainly of 
vein quartz with some pyrite. Mr. Dick Teller, one of the owners, 
has kindly furnished the information which follows: 

The Lilly shaft is 200 feet deep. At 150 feet, a drift was run 
north 300 feet, and south 150 feet. At 200 feet a drift extends 40 
feet north, and 120 feet south. The vein varies from eight inches 
to Are feet in width. On the 150-foot level the ore extends nearly 
the length of the drift toward the north; the south drift is chiefly 
in pyrite, though the vein did not pinch. On the 200-foot level 
there was much barite and a small quantity of ore minerals in 
the north drift, but no shipping ore was found here. On the same 
level, some ore was taken from the south drift. The ore was all 
gray copper which ran up to 200 ounces in silver per ton. Very 
little gold and lead were present. The total production has been 
about $40,000. 

The mine is equipped with a steam hoist. 

SILVER COBD MINB AND ALWILDA TUNNEL 

The Silver Cord mine is also in a fissure vein in the quartz 
monzonite. The dump is vein quartz with pyrite and a little 
galena. In 1910 one or two tons of ore — galena and a little pyrite 
associated with quartz^ — lay on the platform near the shaft. Ac- 
cording to Mr. Teller, this mine has produced one carload of ore 
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which ruD 86 ooDces Bi]ver per ton and 40 per cent lead. Tbe 
Bhaft iB 140 feet deep. 

Tbe AlwJlda tunnel is being driven to cut the Silver Cord 
and Lilly veins at a depth of 500 to 700 feet. ThJB tunnel is now 
in nearly 1,000 feet. 

LEWIBTON AND P&T MINEB 

These mines were worked many years ago throu^ shafts 
which evidently are not deep. The dnnips are chiefly of quartz 
monzonite with some vein quartz and considerable porphyry. It 
is stated that very high grade ore was shipped from the mines in 
the eighties and that the ore contained about 20 ounces silver for 
each ounce of gold. Both metals are said to have been present 
in the free state. The Mint report gives f2,000 and $600 as the 
value of gold and silver, respectively, for the year 1887, 

HIAWATHA MINE 

The Hiawatha shaft is perhaps 100 feet deep. The dump ia 
largely quartz monzonite, but it is reported that some ore was 
found in a vein opened by the shaft. 

FORT SCOTT MINE 

This mine, near the head of Fort Scott Gulch, is at or near 
the coutact between Paleozoic sediments and volcanic breccia, 
and not far from the Etna porphyry. It is said to have produced 
10 or 12 carloads of ore whose chief values were in gold and silver. 

LEGAL TENDER MINE 

This mine, which is near tbe head of Bobbins Creek, bas not 
been operated for many years. The several dumps show pre- 
('ambrian granite. Paleozoic sediments, quartz monzonite gneiss, 
Etna porphyrj-, and volcanic breccia. Apparently the ores were 
chiefly in the sedimentary rocks. Limonite in abundant on the 
dumps. Several tons of pyrite with fine-grained blende could be 
seen in 1910. A small quantity of smithsonite was present. 

Near the top of Clover Mountain and, perhaps on the L^al 
Tender property, about a ton of oxidized ore has been sacked at 
a shaft sunk at the contact between the Etna porphyry and sedi- 
mentary rocks. Much of the ore is anglesite of good grade. 

DEFIANCE MINE 

The Defiance mine on Bobbins Creek, has been worked 
through a shaft and short tunnel in the pre-Cambriau granite, a 
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few hnndred feet from a quartz monzouite stock. A Bmall quan- 
tity of good zinc blende, with vein quartz, may be seen on the 
dumps. It is said that several carloads of ore were shipped from 
this mine in the early eighties. 

BILL SHOBT MINE 

This mine is iu Robbins Gulch, near the contact between the 
pre-Cambrian granite and the quartz monzonite. Much of the 
dump is quartz monzonite. Specimens of ore on the dump are 
composed chiefly of galena and blende, in quartz. Some of the 
blende has a yellow coating of greenockite. The mine is reported 
to have produced ore in recent years. 

A few hundred feet east of the portal of the Bill Short tun- 
nel, a tunnel in the pre-Cambrian granite has opened a narrow 
vein from which specimens show quartz, much blende, a little 
galena, a little chalcopyrite and a little greenockite. About two 
tons of this ore could be seen at the tunnel in 1910. 



Akron tunnel. — ^The Akron tunnel, driven eastward from 
Tomichi Creek, is said to be 3,800 feet long. At the face it 
should 1)0, therefore, 600 to 900 feet from the surface and not far 
from the North Star lead. Some mill ore is reported to have been 
taken from this tunnel. 

Isabel. — On the lBat>el claim a tunnel opened a small body 
of ore above the "parting quartzite." The rock is greatly broken 
by local faulting. The ore is chiefly lead carbonate with a small 
amount of galena. 

Congress tunnel. — The Congress tunnel lias been driven into 
Porcupine RJdge from Galena Creek. In 1910 the ore bins con- 
tained some pyrite, but the mine has evidently produced little, if 
any, ore. The tunnel is equipped with an air compressor housed 
in a good building. 

Chicago tunnel. — This tunnel, on Tomichi Creek, about a 
quarter of a mile south of the south boundary of the quartz mon- 
zonite, has been driven westward in the granite. It is said that 
nine tons of good lead ore were shipped from the tunnel. Much 
pyrite may be seen on the dump. 

Potosi. — This claim, which is southwest of Whitepine, is said 
to have produced six tons of silver-lead ore. The shipment re- 
turned $28.00 per ton net. 
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Ben Bolt, Alice, and Princeton. — The Ben Bolt shaft waa 
sunk OD a flsBure vein in the qoartz monzooite. Considerable 
pyrite and quartz may be seen on the dump, but no shipments 
have been reported. 

The Alice tunnel cats tbe Ben Bolt vein which, in the tunnel, 
strikes about N. 65° E. and dips 75° N. 25" W. In 1910 tbe vein 
had been opened by a drift about 30 feet long. At the soutbvest 
end of the drift were two veins of ore separated by three feet of 
quartz monzonlte. Tbe veins were six inches and eight inches 
wide, respectively. At the northeast end of the drift the vein 
was at leasi; 18 inches wide. The ore, which is galena, blende, 
and clialcopyrite, with quartz and pyrite, would probably con- 
centrate well. 

In 1911, the Princeton tunnel had been driven on the Ben 
Bolt vein about 400 feet. , At the breast the vein was about a foot 
wide. The hanging-wall rock was much kaotinized. The vein 
filling is chieQy pyrite and quartz with a little galena. Locally, 
a thin sooty coating of chaicocite has been deposited on the 
pyrite. 

Magna Charta tunnel. — Tbe Magna Charta tunnel was driven 
northwest about 4,000 feet in the quartz monzonite. It is under 
the ridge that extends southeast from Granite Mountain, and 
was driven to open at depth the north-south veins that were pros- 
pected on both sides of the ridge. Several veins are said to have 
been cut by the tunnel, but no shipping ore was found. 

Mann tunnel. — This tunnel, about three-fourths of a mile 
south of Tomichi Pass, is being driven northwestward in the 
quartz monzonite to cut a vein that outcrops 100 feet higher. 
The vein, which is about two and one-half feet wide, can be traced 
about 60 feet. The vein-fllling is chiefly quartz and is said to 
have assayed $5.85 to $27.00 per ton in gold, silver, and copper. 

Tokio. — The Tokio vein, which is in the quartz monzonite, is 
about a mile east of the top of Granite Mountain. Where it is 
exposed in a shaft about 30 feet deep, the lead is four feet wide 
and dips C5° N. 60" W. About three feet of the lead is composed 
of quartz with a small amount of rock, A specimen from the 
dump, assayed by Mr. Watts, carried ,24 ounces gold and 7.80 
ounces silver per ton. Three other samples from the same vein 
several hundred feet toward the northeast, assayed by Mr. Watts, 
carried respectively ,64 ounces gold and 54.70 ounces silver, 3.32 
ounces gold and 163.70 ounces silver^ 0.80 ounces gold and 684.70 
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cnnces silver per ton. These samples, which were taicen from 
dumps, were chiefly quartz aod showed no metallic mioeral in the 
hand speciroena. 

Prospects on Canyon Creek, — Much prospecting has been 
done in the quartz monzonite about half a mile northwest of 
Mount Stella. At several dumps vein quartz with galena may be 
seen. Abont half a mile farther south is a group of prospects in 
the quartz monzonite and pre-Cambrian granite. At one shaft in 
the granite and at one shaft In the quartz monzonite considerable 
good galena with vein quartz was seen. The veins themselves 
were covered, but the specimeuB indicate that they are not over a 
" few inches wide. 

Prospects of Copper Hill. — Much of the rock at the top of 
-Copper Hill and in the steep ravine on the northeast slope of the 
same hill shows a green copper stain. In several places the rock — 
granite and quartz monzonite — is impregnated with enough mala- 
chite to form several per cent of the whole. One prospect ha^ 
opened a narrow quartz vein that carries considerable pyrite, 
while malachite impregnates the wall rock. Many specimens on 
the dumps of short tunnels contain veinlets of good malachite. 
The veinlets have a maximum thickness of one-fourth of an inch. 

Prospects in iron ore. — Several short tunnels have been 
driven across the magnetite-limonite deposits southeast of the 
Iron King mine. A considerable body of limonite with a small 
quantity of magnetite is found about one-fourth of a mile north- 
east of the Annie Hudson mine, in or near the Morning Glim 
fault. 

One-fourth to one-half mile southeast of Lake Hill several 
shallow shafts have been sunk in limonite and limestone. At one 
damp is about one carload of ore; there are no indications that 
the shaft reached the rock below the ore. Evidence that this 
limonite has been derived from the oxidation and hydration of 
pyrite is found in the pyritiferous limestone that is found with 
the limonite on at least one dump. Furthermore, at the same 
stratigraphic horizon on the northwest slope of Lake Hill is found 
limonite that is clearly derived from pyrite. Limonite psendo- 
morphs after pyrite cubes one-fourth inch to two inches in diam- 
eter, may he seen. Some of the cubes retain a core of unaltered 
pyrite. 
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Placer prospects. — Near the soutliwest corner of the area 
mapped some ground was washed for placer gold man; years ago. 
Ko informatioD concerning the result of this enterprise is at hand. 

BUILDING AND ORNAMENTAL STONE 
Much of the marble of the Tomichi diafrict is apparently suit- 
able for building purposes. The Princeton quartz mouzonite has 
the same general character in the Monarch, Chalk Creek, and 
Tomichi districts. The quartz diorite on the west slope of Mount 
Btella should be suitable for monnmeutal purposes as well as for 
building. But without a railroad in the district, none of these 
varieties can compete with the better known stone of more tavor- . 
ably situated localities of Colorado. 
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INTRODUCTION 



BY F. a. WOBCESTEH 



LOCATION 



The area considered jn this report consists of about 212 
square miles of territory, in Routt, Grand and Jackson Counties, 
along and near tlie west end of the Rabbit Ears Range. This 
range, which leaves the Park Range jnst south of Rabbit Ears 
Uountain, extends in a general easterly direction to the Medicine 
Bow Range and forms between these ranges the Continental Di- 
vide, the boundary between Grand and Jackson Counties, and 
the dividing line between North and Middle Parks. 

The whole area is included between range lines 79 and 84 
west of the ninety-eighth meridian, and between township lines 
3 and 7 north of the fortieth parallel base-line. It may, however, 
he more definitely located by noting its relation to certain promi- 
nent points whose latitude and longitude can be given. Whiteley 
Peak, the Upper Muddy Butte or Conical Butte of the Hayden 
Survey, is about midway between the east and west sides near the 
southern boundary of the area. The Hayden survey* gives the 
location of this peak as Lat. 40° 19' 1" N. and Long. 106° 29' 2" 
W. The position of Rabbit Ears Mountain is given by the same 
authority' as Lat. 40" 25' 9" N. and Long. 106° 36' 6" W. 

RAILROAD FACILITIES 

At the time this area was surveyed the nearest railroad towns 
were Steamboat Springs, about twentj-flve miles west, and Kremm- 
ling, about forty miles south of Rabbit Ears Mountain. Both 
towns are on the Denver, Northwestern & Pacific Railroad. Dur- 
ing the summer of 1911 a new railroad, the Laramie & Routt 
County, was under construction in North Park. The present 
terminals are Laramie, Wyoming, and Coalmont, a coal camp 
about six miles north of Spicer. 

I. Oeot. and Q«ok. Surv. of the Terr., 
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FIELD-WORK AND DIVISION OP THE REPORT 
SCOPE Oil' THE 3UBVEY 

The object of tbe work was to make a rapid reconnaissance 
mineral survey of the area along the Babbit Ears Range. Special 
attention was given to contacts, outcrops and exposures of any 
kind which might lead to the location of economically important 
minerals. With the addition of Professor nenderson to the 
party, , it was poseible to make a thorough examination of the 
stratigraphy of the region. 

FIELD SEASON 

The mapping was done during the months of July and Au- 
gust, 1911. 

PBBSONNEL OF THE PARTY 

The members of the jiarty were Junius Henderson, Frank F. 
Grout, P. G. Worcester, A. V. Smith, N. E. Hinds, A. P. RHSsell. 
cook, and B. L. Wetherspoou, teamster. 

DIVISION OF THE WOBE 

Professor Junius Henderson, who was in the 0pld about a 
month, gave nearly bis whole time to the examination of sedi- 
mentary rocks, and he is the author of the chapter on "Strat- 
igraphy," included in this report. F. F. Grout and P. G. Wor- 
cester, who were jointly in charge of the field party, did most of 
the geolt^ic mapping. They were, however, assisted by A. C. 
Sm^h and N. E. Hinds. P. O. Worcester had charge of the con- 
trol in the field and prepared the map for the engraver. He is 
responsible for the "Introduction" and the chapters on "Physiog- 
raphy" and "Outline of Geology." F. F. Grout made the micro- 
scopic examination of the igneous rocks and is the author of the 
chapters on "Igneous Rocks" and "Economic Geology." N. E. 
Hinds assisted Professor Henderson in collecting fossils, traversed 
some of the roads, and assisted in the geologic mapping. A. C. 
Smith spent considerable time in panning the many creeks of the 
district. He also made some road traverses, and in other ways 
assisted in the mapping. 

ACKNOWLEDGMENTS 

The United States Geological Survey furnished the Colorado 
State Geological Survey with an advance geologic sheet of North 
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Park, from which was taken most of the geolt^ic section shown 
{IB Plate 1, on page 25. 

The writers are indebted to Professors B, D. George and 
R. D. Crawford for many suggestions regarding the work, and 
to P. J. Martin, Frank Murphy and others for courtesies extended 
to the party in the field. 

Each of the writers has drawn on the notes of the other 
membets of the party for data bearing on his particular part of 
the work. 

OTHER SURVEYS 

Previous to 1911 the only geologic map of this region was 
that made by the Hayden Survey in 1873-74, under the direction 
of A. B. Marvine. As is well known, the mapping done by that 
survey was of a very general nature, and it was found necessary 
to change many details in the topography shown by the older 
map, as well as to revise to a large degree the geology. 

During the field season of 1911 a United States Geological 

- Survey party, with A. L. Beekly in charge, worked on the classi- 

flcatioQ of the North Park coal lands, and overlapped to some 

extent the eastern and northern part of the area included in this 

report. 

METHODS OP MAPPING 

For control purposes a Gannet traverse plane table with a 
ten-inch open sight alidade was used. Babbit Ears Mountain 
and Whiteley Peak were plotted from the Hayden atlas rtieet' 
and uned as ends of a base-line for triangnlation. Spicer Peak 
(.\rapahoe) was then located by sights from these two points, 
the three peaks forming the vertices of a nearly equilateral tri- 
angle. The sides of this triangle were used as base-lines, and 
about seventy points in the area were located by triangnlation. 
The points located in this way were used as control for Brunton 
oompass sights in pace and notebook traverses, by means of 
which most of the mapping was done. 

The scale used in the primary triangnlation was one inch 
to one mile. In the notebook traverses the larger scale of two 
inches to one mile was used, to allow more detail in mapping. 

Elevations were obtained by the use of aneroid barometers. 

In some places, due to the large amount of iron present in 
the lava flows, there was much local attraction, which seriously 
interfered with the accuracy of the compass readings. Another 



■izPdnyCOOgle 



12 BECONNAIBBANCB OF THB QEOLOOT 

obBtacle to rapid or absolutely accurate work was the great 
amount of heavily forested land, especially on the west side of the 
area. 

The heavy timber, luxariant vegetation, vater-worked 
moralneB, and lava debris in many casee cover large areas and 
effectively conceal all outerope of the onderlying formations. 
Where exposures of formations, found in stream channels or else- 
where, were not more than a quarter of a mile apart, boundary 
lines l>etween formations were sketched on that evidence; but 
if outcrops were concealed for greater distances, the area was 
mapped debris {db), even when in many cases there was good 
reason to believe that the debris was quite superficial. The 
bouudariea of igneous bodies were, as a rule, more easily traced, 
and it is believed that they occur nearly as represented on the 
map, although iu a few cases only approximate boundary lines 
could be placed between the lava flows and the great areas of 
debris intimately associated with tliem. 

PR08PECTINQ AND MINERAL PRODUCTION 

A glance at the accompanying map will show that the region 
has not been very thoroughly prospected ; for all of the prospect 
holes, more than twenty feet deep, that were found, are shown 
on the map. 

Some placer mining has been attempted at various places, 
but, so far as could be learned, very little gold has been ot> 
taiued. The creeks have been prospected more or less thoroughly, 
and were sampled at various places by members of our party, 
but no gold was found. In brief, the district examined has not 
produced much ore, and the field offers but little encouragement 
to prospectors. A discussioo of the coal horizons, flre'ClayB,^and 
other important economic products will be found in the chapter 
on "Economic Geology." 
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PHreiOdRAPHY 



BY p. O. WOHCESTEK 

TOPOGRAPHY 

QBNEBAL 8TATEHBNT 

The area, as a vhole, has low relief, although in the easteru, 
and to Bome extent in the northwestern part of the field there 
are pfominent points and high ridges. The Continental Divide, 
which is extremely high, rocky and ragged farther south in Colo- 
rado, here consistB of low, broad hilts or wide, flat-topped ridges. 
High, ragged cliffs and nnow-elad peaks are almost entirely 
absent. 

The topography of North Park is in sharp contrast to that 
of Middle Park. Middle Park is an open, intermountain area, 
composed of the various valleys containing the headwaters of 
the Grand River and its tributaries. The upper courses of the 
main stream occupy the east-west axis of the park, and How 
westward eventually into the Gulf of California via the Colorado 
River. The park, which is virtually coextensive with Grand 
County, is bounded on the east by the rugged crest of the Front 
Range of the Colorado Rockies; on the south, by the Williams 
Mountains; on the west, by the Park Range; on the north, by 
the less rugged Rabbit Ears Range. The general level of this 
park is broken by many minor peaks and mountain ranges, high 
divides and deep gulches; hence, it is somewhat less evidently 
a single topographic unit than North Park. Yet it is so evidently 
set apart from the surrounding region by lofty mountain ranges 
as to impress even the most casual observer with its unity. North 
Park, on the other hand, viewed from any high point on its rim 
or within its borders, presents to the eye a comparatively flat 
expanse, broken only by erosion remnants which form small, 
prominent elevations. It is sharply defined on three sides by 
mountains, with the opening to the north. It comprises the new 
county of Jackson, bounded on the east by the Medicine' Bow 
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Bauge; od the west, by the I'ark Range; on the south, by the 
B^bit Ears Bange. The North Platte Biver rises in Xorth Park 
and flows northward and eastward, eveotnally reaching the OuK 
of Mexico via the Mississippi. 

TOPOOEAPHX CONTKOLLED BY VULCANISM 

In the area here desvrilwd there are some cliffs and low 
peaks which have been carved out of more or leas stratified vol- 
canic, fragmental rocks, by the action of streams and the atmos- 
pheric agents. There are also many low mountains, or monad- 
nfKks, standing from 100 to 1,000 feet above the general level of 
the Borrounding country, which ar^ the remnants of igneous in- 
trusions. Most of the peaks of this type are not named, bnt 
among those which have names are Spicer and Wbiteley Peaks, 
Haystack, Ironclad, Bear and Baker Mountains. 

Throughout the district are found many broad ridges and 
flat-topped hills, the renmaQts of igneous flows, which cap the 
sedlmeata and protect them from erosion. Diamond MnuotaiD 
is an excellent example of this type. 

Other types of hills or ridges, due directly to vulcaoism, are 
those, like Rabbit Ears Mountain and many in the eastern part 
of the area, which have been formed by the erosion of a series of 
lava flows, intermingled with great thicknesses of breccia, or 
volcanic agglomerate. The head of Arapahoe Creek is surrounded 
on three sides by high ridges of this character, which form a 
steep-walled basin with the opening toward the northwest, the 
east ridge forming the Contioental Divide. The inside walls of 
the basin are ru^i;ed cliffs, formed by stream erosion, and carved 
by the agents of weathering into pillars, spires, caves, and in- 
numerable fantastic shapes. In many places erosion remnants, 
such as blocks or columns, are found several hundred feet away 
from the main cliffs. 

OLACIAL TOPOOEAPHY 

There is considei'ttble evidence of glaciation along the wost- 
ern- border of the area, particularly near Rabbit Ears Mountain. 
Northwest of this mountain in the granite are many striated 
surfaces, the grooves trending about B. 60° E. In some places 
the typical sheep-backs, or rochea raoutonnees, are seen. A large 
area about two miles north of Rabbit Ears Mountain is co\-ered 
with moraines. There are many small lakes, and some bogs and 
marshes, which evidently were once lakes, scattered through the 
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moraines. The moralDal material is all granitic, and man; of 
tlie boulders are quite large. There is also much granitic morainal 
material found short distances northeast, south and southwest 
of Babbit Ears Mountain. The amount of material indicates 
large or long-existing glaciers, and the glacial strise on the granite 
surfaces, and the trend of lateral and terminal moraines, indicate 
that the glaciers came from the high granite mountains to the 
northwest. The glacier probably divided near Babbit Ears Kidge, 
part of it going north and part south. In the eastern part of the 
area there are evidences of glaciation, which was not bo extensive 
as that in the nortliwestern part of the Aeld. 

ALLUVIAL' FLATS 

Alluvial flats occur in several places along the tributaries 
of the Muddy and along the Muddy itself. They are formed by 
the constriction of stream valleys, wben the streams cut through 
hard sedimentary strata or dikes. 

SLUMP TOPOGBAPHY 

Slumps occur in many places on the steep billsides, espe- 
cially in the clay and shale areas near Muddy Creek, As a result 
of these slumps, many small basins, more or less completely filled 
with water, occur on the sides and at the bottom of many steep 
hills. 



In the southwest part of the field, and along Muddy Creek 
south of this area, the river has cut a series of terraces, which 
extend from the present stream channel back to the west to the 
Park Range. The terraces are much less well-defined east of the 
creek. 



The Dakota formation forms a well-defined hog-back in many 
places, but, on the whole, is not so prominent a topographic 
feature as it is east of the Front Range. The hog-backs in the 
Niobrara, so common in many places where that formation oc- 
curs, are not found at all in this area. The Benton limestone 
forms low ridges both north and south of Babbit Ears Mountain. 
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WATER SUPPLY 



The chief streams are Colorado, Little Orizzly, Indian and 
Arapahoe Creeks in North Fai^, and Unddy, Diamond and 
Lindsey Creeks in Middle Park. All are strong, permanent 
HtreamB, fed by many tributary streams and springs. They carry 
more than sofBcient water to irrigate the agricultiiral land in this 
area. 

LAKES 

Tbere are several types of lake baains in the area studied. 
Morainal lakes are by far the most common and ocQor mainly in 
the northTestem part of the fleld. Small lakes, doe to land 
slumps, are found in considerable numbers above the Muddy, 
near Whiteley Peak; they are, however, of little importance. 
There are many small lakes in the eroded breccia areas and in 
the Eocene rocks southeast of Bpicer Peak, which resemble mo- 
rainal lakes, and may be of this origin ; but tbe evidence of glacia- 
tion is slight. Several of theee lakes are natural reservoirs, and 
are connected by artificial ditches with larger reservoirs from 
which the water is taken for irrigation. 

An unusual type of lake basin was found on a bench south 
of Bear Mountain. An intrusion of basalt has lifted up a mass 
of Montana shale, in which a lake basin has been formed, either 
by wind erosion, or by the unequal upward movement or irreg- 
ularities of the intrusion. 

Booth of Baker Mountain several lake basins seem to have 

heen formed by the folding of the Dakota sandstone. The 

' largest lake of all has no visible outlet and is drained only by 

the underground seepage through the fractured Dakota rocks. 

In North Park there are many shallow lakes, whose basins 
were originally formed by the wind. Bnbsequently some of them 
have been deepened by artificial dams, and are now used as 
storage reservoirs for irrigation waters. 

CLIMATE AND VEGETATION 
VEOBTATION 

Reference has already been maide to the heavy timber and 
luxuriant vegetation in certain parts of the area. This applies 
particularly to the ridges and higher hills, where tbere are in 
many cases dense forests of conifers and aspens, with a heavy 
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growth of grasB and anderbrusb. Practically all the heavy timber 
i8 iDcladed in the United States Forest ReserrationB : the Arapa- 
hoe in the southeastern, and the Boutt in the northwestern part 
of the area. 

The flat bottom-lands along the streams have rich, fertile 
soil, which is utilized largely in the production of hay — the main 
crop in both North and Middle Parks. Most of the hay is fed 
oat in the winter on the local ranches, where large numbers of 
cattle are raised. Cattle-raising ia the principal indnstiy of the 
district. 

The elopes away from the creeks have a coarser soil, which 
loses its moisture quickly after storms, and is capable of support- 
ing only a little or no vegetation. The vegetation which does 
occur there is mainly sage-brush and other types characteristic 
of semi-arid climates. 



The summers are rather short and warm, but not exceedingly 
hot. The winters are rather long and cold. Generally consider- 
able rain falls during the summer, and there are heavy snows in 
the winter. 
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OUTLINE OF GEOLOGY 



BY P. Q. WOBCiESTEB 

The rocks of this area may be roughly grouped into three 
great claeses: the Archeau BchUts, gneisses snd granites, which 
occnr all along the western border of the field ; the sedimentary 
rocks of various ages from late Paleozoic to the Present; and 
the igneous rocks, probably of Tertiary age, which cut op rest 
upon the sediments, and in a few places cut the Archean rocks. 

ARCHEAN 

QNKISSBS AND SCHISTS 

The gneisses and schists which occnr in a large part of the 
Archean area seem to grade into one another. Their color is 
prevailingly dark, due to the presence of lai^ quantities of 
biotite and hornblende. Quartz is almost always present, and 
feldspars occur in varying amounts. These rocks are intensely 
crumpled and minutely folded, and are nearly everywhere cot by 
strong quartz veins. The microscopic description of these and 
the following rocks will be found in the chapter on "Igneous 
Activity and Igneous Rocks." 



There are three common granite rocks in the area, none of 
which can be fully described, as they were not studied in detail. 
The most important one Is a fine, medium-grained, pink, almost 
binary granite, which occurs in many places bordering, or in, 
the gneisses and schists. Closely associated with this rock is a 
coarser pink granite, which contains a good deal of hornblende. 
It often has well-developed gneissoid structure, and in such 
cases its contact with the schists is generally hard to follow. 
The third granite is a pegmatite, which occurs as large and small 
dikes cutting the other Archean rocks. It is composed of large 
pink feldspar and white quartz grains, with only a little mica. 

The disintegration of these rocks furnishes a large amount of 
residual soil, as well as angular and partially rounded fragments, 
which are carried considerable distances by the streams. 
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The topograph; of the Archean area is noticeable on account 
of its aimplicit;. The region has all been glaciated and presents 
low, ronnded hills and ridgea, with broad, shallow galcbes and 
basins. Many surfaces are bare and show glacial atriEe, bnt a 
large part of the area is covered with v^:eta:tion. 

TERTIARY(7) IGNEOUS ROCKS 

The igneous rocks of late Cretaceous or Tertiarj age are of 
six principal varieties: basalt, breccia, volcanic ash, andesite por- 
phyry, dacite porphyry, and quartz latite. Borne of these rocks 
occur in several different forms. 

BASALT 

Basalt, rich in olivine, occurs as flows, dikes, small batho- 
liths, and sheets, which were probably once flows in the great 
areas of igneous breccia. Its color is generally black or very dark 
gray, but in some places it is a rich red or reddish brown. Small 
pbeuocrysts of olivine, augite and plagioclase sometimes occur, 
although the texture is generally fine-grained and non-porphy- 
ritic, except on the surfaces of lava flows, where it is vesicular, 
and on the walls of some, dikes, where it is quite glassy. The 
vesicuIaT rock is often amygdaloidal ; that is. It contains sec- 
ondary minerals filling the rounded holes in the lava which were 
left by the explosion of gases when the rock was cooling. 

A peculiar instance of secondary mineralization occurs about 
a mile and a half northwest of Rabbit Ears Mountain. A band 
of chert nodules, which would be called chert concretions if they 
were in sedimentary rocks, lies directly on a reddish -brown, com- 
pact lava flow. The nodules are about one foot in diameter, and 
the "band is at least fifty or sixty feet long. A short distance 
away another flow of brown vesicular lava, which has been eroded 
away from its original position above the chert, overlies the com- 
pact flow. Along the contact of these beds is another narrow 
band of cbert or chalcedony. The origin and formation of bands 
of silica of this size in the basic rocks are questions which the 
limited study of the area failed to answer. 

Platy and columnar jointing are common in the basalt. 
About four and one-half mile!* northeaal of Whiteley Peak, oii 
the southeast border of the map, a small area of basalt occui-s 
between two areas of breccia. The nortti boundary of the basalt 
is exposed in the form of a clifF sixty or seventy feet high, on 
whose face columnar jointing occurs, which rivals "The Devil's 
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PoBt Pile" aod other aimilar examples. The oolumnB are gen- 
erallj four- or five-sided figures, varying in size from those whose 
joint faoes nre only a fcu' ini-hes aoroiu^, to those whose faces are 
two or three feet across. The length of the columns averages 
about twelve feet, although many are shorter. Whiteley Peak 
and other exposures also show good columnar jointing. 

The vesicular and coarser-grained basalts weather rapidly 
and form a rich residual soil, which supports abundant vege- 
tation. 

BRECCIA 

Breccia occurs more extensively than any other igneous rock 
in the area. Small outcrops are scattered all over the field, but 
the main exposure, which evidently is only the border of a much 
lai^r mass, occurs all along the southeastern border of the 
area. This rock varies greatly in color and composition. It con- 
sists of irregular fragments of scoria, vesicular and solid lava, 
all of red, black, gray or brown color, imbedded in white, pink 
or black volcanic ash, gray mud, or ealcite cement. The prevail- 
ing colors of large masses of the breccia are red, pink and gray. 
Lava flows, mainly of andesite porphyry, some 150 feet thick, 
and large fragments of the same rock, occnr in the breccia. 
Volcanic ash appears as lenses and irregularly shaped masses, 
as well aB a cementing material for the lava fragments. From 
a distance the cliffs of breccia appear roughly stratified, due to 
the presence of various colored lava flows, and to the rather sharp 
changes in the color of the breccia itself. 

The poor cementing materials allow the rock to weather verj 
rapidly. The loosened rock, easily washed down by rain and 
mnning waters, lies at the foot of the cliff, where it is slowly 
disintegrated. The large blocks of lava in layers of rock of 
varying hardness furnish nn admirable opportunity for unequal 
erosion, and the result is a great number of balanced rocks, capped 
pillars, and other unusual erosion remnants. 

The main areas of breccia are sliown on the map, but par- 
ticular attention is called to the fact that in a few cases, as at 
Rabbit Earn Mountain, small areas of breccia, which are sor- 
rounded by basalt flows, are included with and mapped as 
basalts. 

ANDESITE FORPHYBY 

Andesite porphyry occurs in rather small amounts in the 
field. It is generally a dark-colored rock, with pfaenocrysts of 
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boroblende, and could hardlj be separated from tbe baaaM with- 
out microBcopic examination. Some of ttie light-colored forms, 
however, have lai^e feldspar phenocrysts and are ea^il; distJD- 
gniehed from the basalts, but resemble tbe dacite porphyry. 
A more complete d^cription of this and the following rocks will 
be found in the chapter on "Igneous Activity." 

DACITK POaPHYBT 

The color of the dacite porphyry is generally a light gray. 
It contains large feldspar and occasional large quartz grains, 
which make it easily distinguishable from the basalt. 

QUABTZ L&TITB 

Quartz latite is a white or gray, fine-grained rock, which 
always contains qnartz grains. It weathers quickly, turns brown 
on tlie joint faces, and disintegrates into a soft, crumbling, iron- 
stained mass. Its occurrence is confined to three rather small 
areas, which are fully described in a later chapter of this report. 

SEDIMENTARY ROCKS 
These rocks are so fully discussed by Professor Henderson 
under "Stratigraphy" that only brief descriptions will be given 
here. All the sedimente, with the exception of the Coal Measures 
and younger rocks, are correlated with the formations east of 
the Front Range on evidence stated by Professor Henderson. 

"bed beds" 

The Ked Beds, which are probably of late Paleozoic age, are 
very much like the brick-red clays and at^illaceous sandstones 
of the Lykins east of the Front Range. The formation is a dis- 
tinct valley-maker; it weathers into a soft, red soil, and has, in 
the areas studied, many of the characteristic features- of the 
Lykins. Noticeable exceptions to this similarity are the absence 
of the basal limestone, "crinkled sandstone," and the rather re- 
sUtent red sandstone, all of which are found quite exteuEively 
in the Lykins. 

MOSBISON 

This formation is composed of green and gray clays and 
gray limestones. 

Because of the great similarity of these rocks to those of 
the Morrison in other parts of the state, it was immediately 
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assigned, in the field, to that fomiation. It occare as low, well- 
defined ridges, both northwest and southwest of Rabbit Ears 
Mountain. In the latter case a valley between the Morrison and 
the Archean has been eroded out of the Red Reds, if the; ever 
occurred there, leaving a gently rounded ridge of Morrison be- 
tween the granites and schists and the Dakota. 



The principal rocks of the Dakota are; a conglomerate which 
occurs at the base of the formation and reappears at various 
higher horizons; fine-grained, thick-bedded white sandstone, and 
thin beds of fire-clay. For some distance south of the Rabbit Bars 
Ridge the Dakota forms the Continental Divide, but in tbe north- 
west part of the area the outcrops are irregular and bard to 
follow, due in large part to the great amount of basaltic and 
granitic debris that covers the older rocks. 



This group consists of the Renton and Niobrara formations. 
They are not separated on the map, because few good exposures 
were found in the field, and it was not possible to establish bound- 
ary lines with any degree of certainty. The important rocks are: 
gray or black clays, shales and limestones. The basal Niobrara 
limestone, which occurs east of the range, seems to be alment here, 
but a strong fossil-bearing limestone horizon, near the top of the 
Renton, takes its place as a low-ridge maker. Fossils are found - 
at many horizons in both formations. 

MO.MTANA 

The area mapped as Montana i-epresents only imperfectly 
the formatione usually included in that group; for the Fox Hills 
was not identified in this area. A great thickness of Pierre shales, 
with many fossil horizons, occurs. In some places, however, 
it was not possible to draw an exact boundary line between the 
Niobrara and the Pierre. The rocks of this formation are mainly 
gray or black shales and clay, with a strong stratum of friable 
sandstone, corresponding to the Hygiene sandstone of the Pierre, 
east of the Front Range. Thin beds of limestone, and lime or 
■ clay-iron concretions, are common. 
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TBBTIARY 



The Coal Measures of North Park and the same horizons 
near Whitelej Peak in Middle Park can only be proviBionall; 
aBsigned to the Eocene, as, on account of the short field season, 
it was not possible to make a detailed stady of this formation. 
The work of the United States Geological Survey in North Park 
will undonbtedly determine the age of these beds. 

For the deecription of this formation the reader is referred 
to the discussion under "Stratigraphy." 

QUATBBNABY 

Great blocks and residual soil from recent disintegrated lava 
Bows; boulders, gravel and soil from the granite and schist areas; 
and gravel resulting from the weathering of the conglomerate it) 
the Coal Measures cover large areas in the Rabbit Ears region. 
The first two types of debris support a great'amonnt of vegeta- 
tion, but the disintegrated conglomerate gives a coarse-texture 
soil, which is not fertile. 

Deposits of alluvium occur in considerable quantities along- 
stream channels and on old valley flats. 

Moraines and water-worn morainal material are found in 
many places around Rabbit Eai-s Mountain, and in the regions 
to the north and south of this point. The moraines have been 
so thoroughly water-worn in many places that their original 
characteristic features have been almost entirely removed. 
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BX JUNIUB UEN&BR80N 

I was able to spend but a short time in the field, with eev 
eral diflScult problems to work out, and consequently my own 
observations cover only a small portion of the area mapped; so I 
have freely drawn upon the notes of other members of the party, 
Messrs. P. G. Worcester, F. F. Grout, A. C. Smith and N. E. 
Hinds. 

The North Central Colorado sheet of the Hayden Atlas* 
exhibits North Park and Middle Park as a very broad syncline, 
the tilted sedimentary rocks of the east limb resting upon the 
granite of Medicine Bow Range and Front Range, those of the 
west limb resting upon the granite of Park Range. The map 
prepared by the United States Geological Survey under Mr, A. 
L. Beekly in 1911 (not yet published at the time of the present 
writing) exhibits this feature more in detail for the North Park 
section. From the latter map we bave drawn a generalised sec- 
tion running from the Babbit Ears N. 63° E. through North 
Park. 

As this syncline is so broad and our work was confined to 
the west limb and its vicinity, it may be more convenient to think 
of our area ns a great monocline, caused by the uplift of Park 
Range, dragging the sedimentary strata up along the margin, so 
that the eroded edges of the older beds are now exposed, with 
easterly dips, as a narrow fringe next to the granite near the 
western edge of our map, while the greater part of the map is 
occupied by much later formations. Beginning, then, at the 
west, each successive formation carries ns farther east. 

PROTEROZOIC 
ARCHEAN 
Archean granites and gneisses of the lower slopes of Park 
Range occupy the western edge of the map, and doubtless underlie 

>U. S. GeoE. and Geog. Surv. of the Terr,, Atlas of Colorado. Sheet XII. 
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the Bedimentaries of both parks, deeply huried, reappearing a long 
[the area mapped. ' 



!d 

i PARK ;; 



East of the Front Range the Bed Beds consist of a basal 
Series of strong red conglomerates and coarse sandstones, aggre- 
gating several hundred feet in thicliness (Fountain formation). 
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overlain by a fine, nnifonn, resistant red-and-pink sandstone 
(Lyons formation), which in turn is overlain by the yielding, 
brick-red shales of the Lykina formation, also several hundred 
feet in thickness, upon which tests the Morrison formation.' The 
Fountain and Lyons formations, though once supposed to be 
TriasBic, have now long been known to be late Carboniferous 
(I'ennsylvanian). Fossils recently discovered well up in the 
Lykins show that at least half of that formation must be assigned 
to either late Pennsylvanian or Permain, leaving the upper part 
in doubt ; bnt as the lithologieal character of the formation above 
and below the fossils is very much the same, the natural snppo- 
siticin is that the whole formation IB pre-Triassic, though of this 
one cannot feel at all certain. The overlying Uorrison is con- 
sidered late Jurassic, or, according to some authors, even Cretace- 
ous. Therefore the narrow space intervening between the mid- 
Lykins fossils and the Morrison must represent all of Triassic, at 
least part of Jurassic, and probably at least part of Permian 
time. The thickness of the Btrata is not Bufflcient to indicate that 
they represent continuous deposition through those periods. If 
the strata assigned to the Lykins (all from Lyons to Morrison) 
are, as they appear to be, a single formational nnit, representing 
an unbroken period of deposition, then, the lower part being 
Permian or earlier, the conclusion that the upper part alBo is 
Permian or earlier is almost irresistible. 

In the Rabbit Ears region the stratigraphic relations and 
lithologie characters of the limited exposures of Red Beds indi- 
cate that the formation is the equivalent of the upper Lykins; 
hence it is tentatively assigned to the Paleozoic era. 

MESOZOIC 

TRIASaiC 

Xn known Triussic is found in this area, unless all or jtart 
("f tliii lied Rpds hereinbefore considered should be assigned t:> 
th.Tt age. 

JURASSIC 

ifon-ison. — West of Pork Range marine Jurassic beds are 
found, containing Pseudoniotiotis curta and Belemnites densu*. 
In our area, which Ib east of Park Range, no such strata were 
found, and it is likely that tliey do not exist. In this respect 



, Geology of Ihe Boulder District. Colorado. U. B. Qeol. 
Surv,, Bull. No. SSE. Junius Henderson, "The FoothlUa Formations of North 
Central Colorado." First Report of Colo, OeoL Surv., pp. 114-lBS. 
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the region ie to be likened to that eaBt of Front Range. Small 
exposures of the Mon-ison formation, uBually considered upper 
JaraBsic, thongli pcKiBibI; it is lower Cretaceous, are found at 
intervals between the granite and Red Beds to the west and the 
Dakota to the east, forming in places a minor ridge,- due to the 
i-esistance of the harder strata. The general character of the 
formation is the same as east of Front Range and elsewhere in 
Colorado, and deposition probably occurred in fresh water, as 
usual, though we found no fossils, and so have no dii-ect evidence 
to support this probability. Mr. Worcester's summary of notes 
on the exposures northwest of the Rabbit Ears is as follows: 

About a mile and a halt nortbweBt of Rabbit Bara Mountain Is a email 
area ot Morrison directly under Dakota sandatoae and conglomerate. The 
rock Is A flne-grolned, green shale or clay, somewhat calcareoua. No sand- 
stone was found In It and no foaalla. Thickness la Indeterminable, but 
evidently twenty teet or more. The extent la probably greater than 
mapped, but the whole Is so thickly covered with debris that It Is impos- 
sible to map a larger area here. In all probability It underlies the Dakota 
all along the ridge and would appear all along the basal part of the Dakota 
blutf, II not covered by the basaltic debrle. The dip Is 21° east. 

Another larger area of Morrison occurs about half a mile north of 
this Orst exposure. It consists of green and gray shale, with at least two 
strata of limestone. The one at the base Is probably six or eight feet 
thick and the upper one half as thick. No sandstone was found and no 
fossils. The ahalea are calcereous. Exposures are very Irregular, and a 
large part of the area Is covered with basaltic debris, apparently the 
remnants of a great lava flow. Dip and strike cannot be determined ' 
accurately, but general dip Is easterly and strike northerly. 

Professor Grout, who mapped the Morrison areas (o the 
south of Rabbit Ears, furnishes the following notes: 

Small exposures of green shales and sandy shales are the only signs 
of these beds along most of the area between Red Beds and Dakota. The 
very characteristic green shale forma a float rock that Identifies the 
formation llthologlcally with that east of the front range. At various 
points a minor hog-back develops from some hard layer in the formation. 
Where Muddy Creek crosses the formation at the south, exposures are 
good In a clis below the Dakota, and the most characteristic thing is a 
rapid alternation of shales, sands and marls, usually light green and gray, 
but with bands of darker color. A thin band of solid limestone occurs, 
and some thin layers are as red as the Red Beda below, and quite Indls- 
tluKulsbable therefrom in hand speclmeue. The red color of sandy shale 
in some cases seems to be due to oxidation, aa corea of green shale may 
be found In the centers of the red blocka. The estimated thickness at the 
south Is GOO teet, but folding makes It a little uncertain. Thia large 
thickness of Morrison Is determined almost entirely on llthologic grounds. 
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East of the front range onir an average of about 200 feet is found, wblle 
the Dakota le mucb thicker there than in our area. Since part of this 
formation 1b sandy. It may be that the line Is drawn too high and that the 
red and green shalea are In the Dakota, but In Rio Blanco County the 
Morrison is reported to be 800 feet in thickneaa. 

East of the Front Range an unconfonuity is known to sepa- 
rate the Morriwn from the base of the Dakota, which is osually 
a conglomerate. Northwest of Rabbit Ears a conglomerate ia 
found at the base of the series mapped as Dakota, which is im- 
mediatelj underlain by the nhales having the eharacteriBtits of 
the Morrison oaat ot the Front Range. This conglomerate also 
occurs at the ?onth of our area, and probablv all along the west- 
em part of our map, though Ufinall.v covered by debris. It there- 
fore seems much more likely that, if any strata are erroneously 
included in the above estimate of thickness, they would be the 
lower Btriita. The artual exposures of shales northwest of Rabbit 
Ears which can be safely assigned to the Morrison would not 
exi-ef-d sixty feet in thickness. Fossil dinonaur bones are reported 
iu the sonttiweBtem part of our area. 

CrtETACBOrs 

Dakota? — Resting upon the Morrison are beds which from 
stratigrapliic rehitions and lithologic characters are believed to 
be equivalent to the so-t-alled '^Dakota," which conBtitutes the 
outer hog-back of the eastern foothills of the Front Range, from 
the Denver basin northward. The coarse conglomerate at the 
base suggests an unconformity, but lack of good exposures of 
the actual contact with the Morrison, as usual, prevents the 
determination of that question. As is the case east of the Front 
Range, the formation is here- tripartite, with a bard eandstone- 
coDglomerate zone at the base, a medial zone of clays and softer, 
thinner-bedOed sandstones, and an upper massive sandstone zone. 
Owing to the hard sandstones and conglomerates, it is a ridge- 
making formation, and, owing to easterly dips, the ridge in a few 
places presents west-facing escarpments, though, because of the 
mantle of debris and the heavy forest covering, very few good 
exposures are found. A Dakota ridge which extends southward 
from the west end of Rabbit Ears Ridge forms the Continental 
Divide, aeparatiag the North Platte drainage from Pacific drain- 
age, where the Kremmling-Steamboat wagon -road crosses the 
divide in passing from North Park westward. North of this 
road the ridge shows a very slight tendency to split, as it does so 
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frequently from Boulder northward. The bluffs northwest of 
Babbit Ears and west of Baker Mouutain also divide into two 
benches, for the same reason— the existence of the softer medial 
zone, intervening between the hard sandstones of the upper and 
lower members of the formation. Mr. Worcester thus describes 
the best exposure of the formation in the mapped area : 

It occurs Is ft strip nearly two mllea long and a quarter ol a mile 
wide, extending northeaeterly from a basalt bluff a mfle and a half north- 
west of Rabbit Ears Mountain. A rough sections follows. 

1. Conglomerate at base, made up largely ot green, gray and white 
chert grains, with white quartz gralnH and some Iron. 

2. Thin bed (one foot?) of flue white sandstone. 

3. Very elasay, fllnt-llke quartzlte, very hard, tracture concholdal, 
I ft 

4. Pine white sandstone, 1 ft. 

6. Conglomerate like No. 1, Irregular thickness. 

5. Sandstone, white, rather soft and friable. 

7. Fire-clay, gray to black, 6 to 10 ft. 

8. Sandstone extending to top of ridge. 

Total thickness, measured with aneroid and correction for dip esti- 
mated, 200 ft. 

The dip varies somewhat, but the average Is from 20° to 22* east 

The strike does not conform to the outcrop. The outcrop is N, B., 
while the strike Is nearly due N. 

Near the northwest comer, of the sheet is another area of Dakota, 
nearly surrounded by moralnal material, but In contact with the overlying 
Colorado formation on the east. The thickness and general characteristics 
are the same as at the locality Srst described. The west exposures of 
both these areas form sharp, steep cliffs in places, but In other places they - 
are much weathered and vegetation and debris have formed gentle slopes. 
In this second area I did not find any quartzlte. Conglomerate, clay and 
rather soft sandstone were the only rocks found, and their relations are 
practically the same as outlined above. 

Professor Grout furnishes the following notes: ' 

The sandstones form a hog-back, as they do In most of the foothill 
region. The ridge can be traced nearly across the areas studied, but has 
two interruptions— one where the Rabbit Ears lava covers it, and one 
south of Baker Mountain, where some sharp folds and probably some faults 
spread out the outcrop into a series of low ridges and valleys, containing 
several lakes. The basal conglomerate Is coarse and furnishes a large 
amount of debris on the slope toward the valley of the Red Beds. Mints 
and quartz pebbles are common. South of Baker Mountain and south of 
the area of complex folding the clIR ot the regular bog-back exposes a 
quartztte layer about fifteen feet thick in the midst of the main sandstone. 
This is local, though other localities may have other similar developments. 
Thinner quartzlte beds He above and below It. They may be due to the 
action of hot water which resulted from near-by Igneous activity. A series 
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of Blialey bands appear In aeveral ezpoflurea and In tbe eouthem part of 
tbe area become a persistent three-foot bed of black flre-clay. Tbe 
resistant sandstone as mapped 1b about 180 feet thick. 

Marvine' combined the Bed Beds, Morrison and Dakota, 
estimated their tbicknesa at 1,200 feet, and tentatively referred 
them to No. 1 of Hajden's division of the Cretaceoas east of 
the Front Range, which is the so-called "Dakota." In this he 
was mistaken, as the Morrison is clearly rec(%nizable,.and the 
Red Beds are quite probably the same as the upper Lykins east 
of the range. 

The upper sandstone in places is strongly ripple-marked. 
Both northwest of Rabbit Ears and west of Baker MonDtain we 
found many leaf impressions, but tbey are bo poorly preserved 
as to make satisfactory identification impossible; so no evidence 
was obtained which throws any light npon the age of tbe forma- 
tion. A long, slender species, resembling in outline Ficua pro- 
teidea Lx., but displaying no venation except the mid-rib, pre- 
dominates at the Baker Mountain locality. From the lithologicat 
characters, and the fact that the formation immediately overlies 
the Morrison and immediately underlies the Benton shales, it is 
likely that it represents the same period of time as that of the 
formation called Dakota east of the mountains, but as yet no 
satisfactory conclusion has been reached- concerning its age — a 
matter more fully discussed elsewhere.* 

Benton — Tbe several divisions of the Colorado and Montana 
groups (Benton, Niobrara, Pierre and Fox Hills) in the area 
mapped are not easily recognizable as lithological uoita, but sev- 
eral definite paleontologica) horizons are found which may be 
correlated with similar horizons in those formations. The diffi- 
culty of definitely separating these formations lithological ly sug- 
gests that perhaps they should be correlated with the Mancos to 
the west of Park Range, but this is partly due to lack of ex- 
posures, and practically every good exposure may be assigned, 
upon paleontological evidence, to one or another of tbe forma- 
tions recognized to tbe east of the Front Range ; so for conven- 
ience they may be thus treated. In our area the only really good 
section of the Cretaceous as a whole is along the creek south of 
the Martin ranch, and there the portion of the section where 

'Sevenlh Annual Report, U. S. Geol. and QeoK. Surv, Terr. (Hayden 
Survey), for 18T3, pp, 1B4-I6B, ITS. 

■Junius Henrtereon, "Foolhllla Forma 
First Report Colo. Geo). Surv., 190S. pp, lTZ-1 
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the base of the Niobrara would be expected ie covered by debi'is. 
The Niobrara-Pietre contact is by no means so definite as it ia 
east of the Front Range. The Benton, as usual, consists chiefly 
of partly calcareous black or dark-gray shales and limestones. 
Its thickness could not be determined because of lack of good 
exposures, but is likely from 300 to 400 feet. The only fossils 
found are unidentified teleost scales and bones, except in a rather 
thin-bedded, sandy-looking limestone, from ten to fifteen feet or 
more in thickness, which is probably near the top of the. forma- 
tion here, as it certainly is at Kremmling. From the hardness 
of this limestone it is a ridge-making horizon in many places, the 
underlying shales occupying a valley between this ridge and the 
Dakota ridge. This limestone contains great numbers of 
Inoceramu9 fragilia H. & M., while Prionocychta tcyomingensie 
Me^ and Scaphites Karreni M. & H. are common, a few speci- 
mens of BacuUtea cf. gracilis Shnmard were found, and one 
Anomia cf. auhquadrata Stanton. The absence in this vicinity of 
any definitely recognizable outcrops of the massive, hard lime- 
stone, 80 characteristic of the base of the Niobrara east of the 
Front Range, makes the exact position of this upper Benton fos- 
siliferous limestone uncertain, the space between it and the 
Oatrea congesta horizon in the Niobrara being everywhere in this 
vicinity pretty well covered by debris, but exposures of Niobrara 
and Benton at Eremmling throw some light upon the subject. 
Niobrara. — The absence of outcrops of the usual hard basal 
limestone in this region makes it seem quite possible that it does 
not occur, perhaps through local differences in sedimentation con- 
ditions. It may be, however, that it does occur, but is too weak 
and soft to resist erosion and form recognizable outcrops. A 
very small exposure of limestone about a mile south of Muddy 
Pass, west of the Eremmling-Steamboat wagon-road, containing 
a few fragments of Ostrea congesta Conrad, is perhaps a portion 
of this limestone. At Kremmling, about twenty-five miles farther 
south .and in the same sedimentation basin, the basal limestone 
is well developed, containing the characteristic Inoceramua 
deformia Meek. A good exposure occurs a mile or two east of 
Muddy Creek, at the south base of Lower Muddy Butte— a prom- 
inent igneous mountain north of the town. Only a few feet below 
this is the fossiliferous limestone which we considered near the 
top of the Benton farther north. Above the basal limestone of 
the Niobrara here are calcareous shales, including thin-bedded 
limestones composed chiefly of large, flattened Inoceramus sp.. 
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covered with Ostrea congesta Conrad, exactly as found at the 
name horizon from Boulder northward. The Ottrea congesta 
limeetODes, in turn, are o^'erlain by what hag in the Boulder 
district been aptly termed "paper shale," because of the extreme 
thinness of the separable strata. These same conditions are found 
at Sulphur Springs, up the Grand River from Kremmling. The 
formation is well exposed west and southwest of Lower Muddy 
Bntte, where the creek cuts through it, the Oatrea congesta lime- 
stones forming a bluff east of the creek. This Ostrea congesta 
horizon, with its characteristic fossils, is found exposed at various 
places in the area mapped, especially in the vicinity of the Mar- 
tin ranch. A mile or so south of Muddy Pass, west of the wagon- 
road, a soft, black limestone or very calcareous shale exposed 
in the creek bank, at what I considered about the middle of the 
formation, contains numerous Inoceramus dcformis Meek, mncb 
flattened and distorted by pressure, but quite recognisable, A 
similar condition waa found north of the Babbit Ears, The 
Niobrara, on the whole, weathers white. Fish scales and bones 



Pierre. — A very large part of the area in the valley of the 
Muddy, which is designated "Uinta (Tertiary) I^ke Beds" on 
Sheet XII of the Hayden atlas, is clearly Pierre Cretaceous, 
though often with a slight covering of debris. At every good 
exposure BacuUtes ovatns Say or B. compreasus Say were found, 
jtften with other <'ei)Jialo])ods and Inoceramus. At Kn?mmliug 
the great cliff, with several terraces back of it, exposes hundreds 
of feet of shales and minilstones containing Pierre fossils, spread- 
ing over several sqnnre miles, \(hero the Hayden atlas has mapped 
only "I^ke Beds" and "Colorado." Time did not permit a 
thorough examination of all the valley between Kremmling and 
the southern edge of our area, but at every good exposure exam- 
ined in traveling up the valley in the area mapped as "Lake Beds," 
we found marine Cretaceous fossils. Manine' mapped his "Lake 
Beds" and his alluvium together, without any attempt to dif- 
feronliate them, but in his section south of Upjier Muddy Butte 
(Whiteley Peak) he indicates only lake beds, ignoring the allu- 
vium. The aren thus mapped by him is largely a superficial sheet 
of alluvium and loose debris, resting upon Cretaceous shales, 
and presents many large exposures of the latter which he does 
not indicate on his map. We saw nothibg which we could call 
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lake bedg anywhere in the region, and from Whitelej Peak north- 
ward, where our Bearch was somewhat thorough and where a ' 
large area of Uinta is mapped in the Hayden Bheet, such beds do 
not occur. The Hayden sheet ignores the alluvium of Marvinc's 
description and map, putting it all in as lake beds and definitely 
assigning it to the Uinta. A careful reading of Marviue's de- 
scription of his lake beds (pages 157, 178, 179, 181 of his report), 
in the light of our own observations in the upper Muddy valley, 
leads to the conclusion that he considered the numerous stream 
terraces cut iu the approximately level Cretaceous shales, lake 
beds. These terraces, in most instances where we examined them, 
have their fiat or slightly sloping tops covered by soil deposited 
by the streams while working at higher levels before the begin- 
' hing of the last cycle of erosion, or by coarser and more angular 
outwash from the adjacent hills brought down by storm waters. 
■Uarvine (page 157 of bis report] confines his lake beds to the 
lower basins, remarking that they are not found at higher levels. 
Whatever may .be true of the lower Muddy valley, not closely 
examined by ua, certainly such lake b^ds must be eliminated from 
the lower basins of the map in the southern part of our area. 
If we have any lake beds, they are in the formation designated 
"Laramie" by Marvine and the Hayden atlas. 

A persistent sandstone, overlain and underlain by hundreds 
of feet of black shales, is found in the middle Pierre, exposed at 
many pieces in the valley of the Muddy, much an the Hygiene 
sandstone occurs at approximately the same horizon in the 
Houlder district. Typical Pierre concretions are common, usually 
seamed with calcite and containing only Baeulitea, but Avicula . 
linguiformis was found in several places, and south and south- 
east of Whiteley Peak the following species were found : 
Chaetetes Tt dmissus White Tellina scitula M. & H. * 
Serpula markmani Henderson Anchura nebrascensia E, & 8. 
Nucula obsolctistriala M. & H. Ptycho'ceras crassum Whitfield 
Inoceramua sageitsia Owen Baeulitea compreaaua Bay 

Avicula linguiformis E. & S. Baeulitea ovatus Say 
Oatrea cf. patina M. & H. Seaphitea nodoaua quadrangu- 

Syncyclonema rigida H. & M. laria M. & H. 

Crenella eleganiula M. & H. Hetcroceraa cochUatum H. & 

Lucina occidentalia Morton M. ? 

Thetis circularis M. & H. ? Ancyloceraa sp. 

In a baked shale overlying an igneous sheet which forms a 
terrace south of Bear Mountain we found Inffoeramua aagenaia, 
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Baculites sp. and Placenticeraa sp. North of the frest Grizzly, 
east of the Rabbit Ears, we found young Baculites which exhibit 
the initial whorls. 

It is probable that the Pierre at the southern edge of our 
area is front fitOOO to 7,000 feet in thickness. Farther north the 
later fresli-water beds containing many net-veined leaves, aud 
including coal beds, overlap the slightly dipping Pierre strata, 
and in the area northeast of Rabbit Ears this overlap is so ex- 
tensive that the freshwater beds rest directly upon Colorado 
shales. The evidence indicates that the Pierre is not missing 
there, but is merely covered by the transgression of the later 
formation. In the hlufFs just north of Whiteley I'eak, and again 
south of that peak, the fresh-water strata would, if extended 
westward as they originally were, cover tlie Pierre. No expoeuren 
of strata definitely asRignable to the Fox Hills formation were 
found by us. 

The thoroughly weathered Niobrara is very li^t-colored, 
almost white, while the weathered Pierre is brown, gray or dull 
yellowish. On the map no effort is made to distinguish Benton 
from Niobrara, because of lack of good continuous exposures, 
(he two being combined under the name "Colorado;" and for the 
same reason the boundary between the Colorado and the Montana 
is only approximate. 

CENOZOIC 

TERTIARY 

Overlying the Pieri-e, and separated from it by an uncon- 
formity which is probably both angular and erosional, is the 
formation which King called the "North Part Group," Marvine 
called the "Lignitic," and which is designated "Ijaramie" on Sheet 
XII of the Hayden atlas of Colorado. This formation is of eco- 
nomic importance, because it contains the coal beds of North 
Park and Muddy Pass. It seems that two distinct formations in 
North Park and Middle Park have been included under the above 
names. These beds were first described by Hayden' after a rather 
hasty examination, especially at Bulphur Springs, and more fully 
described for Middle Park by Marvine.' Marvine included in his 
Lignitic everything above the unconformity, giving it a thick- 
ness of 5,500 feet. In ]874 he worked in North Park, but owing 
to his death his report upon that region was not completed. 

'P. V, Maj-den, Preliminary Field Report of the United States GeoloKlcal 
Survey of Colorado and New Meilco. (or 1869. pp. Bl-86. 

"Seventh Annaal Heporl, U, S. Geol. and Qeoe- Survey. Terr., tor UTS, pp. 
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The formatioDB in the vicinity of Sulphur Springs have been 
more pecentlj re-examined by Cross,' who correlated the poat- 
CretaceoQS of that vicinity with the Denver beds, upon both 
lithological and paleontological grounds. It is not at all cer- 
tain, however, that the formation in Mount BroBB, at Snlphar 
Springs, is the chronological equivalent of the strata which con- 
tain the coal at Muddy Pass and in North Park. 

By general agreement, the name "Laramie" is confined to 
the fresh-water and brackish-water beds resting conformably 
upon the latest marine beds. The fiesh-water beds of Sulphur 
Springs and the coal formation of North Park are separated from 
the marine beds by a decided unconformity, which is perhaps best 
shown at Sulphur Springs, as pointed out by both Marvine and 
Ci'ossMn their descriptions and figures. Within the limits of our 
map there are few exposures of the fresh-water beds resting di 
I'ectly upon marine beds where the dips may be measured to fur- 
nish direct and' positive evidence of the unconformity, but so 
many differences of dip are noticeable in exposures not far dis- 
tant a8 to leave no doubt of the fact, and in a few places the 
unconformity is very clear,' For example, Professor Grolit re- 
ports that "about a mile east of Whiteley Peak the coal forma- 
tion overlies the Pierre in a cliff where dip and strike can be 
measured, the former dipping 10° N. 70° E. (?), Pierre dipping 
20° S. 80° E." The same thing is indicated by the fact that the 
Pierre shales, everywhere dipping markedly to the east, north- 
east or southeast, are transgressed by the nearly horizontal fresh- 
water beds until in the northern part of the area mapped for the. 
pi-esent report the latter partly covers the Colorado. It is clear 
that the Pierre and Colorado shales were tilted in varying.degrees 
before the- fresh-water beds were deposited, and, as would be ex- 
pected, some erosion took place in the interim, though positive 
proof of this was difiQcult to find in our area. In the north 
slope of a small valley, just north of West Grizaly Creek, east of 
Rabbit Ears Mountain, is a bluff of coarse, micaceous, stream- 
laid sandstone, very irregularly bedded, occupying a valley which 
had been eroded in the Middle Pierre. Though entirely isolated, 
presumably by erosion, it is just like portions of the fresh-water 
beds, a short distance to the east, which evidently once covered 
the whole region, but have been removed by erosion. If this de- 

' Whitman Cross, ■PoBt-LaramlP DcposiLs ot Co 
Vol. XLIV, pp. 27-11, 18SZ; "The Post-l^ramie Beds . 
Colo. Sci. Soc, Vol. IV, pp. 132-213, 1892. 
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posit Ib in fact a remnant of the coal formation, as seems proh- 
able, it ebowB just Buch erosion as would be expected to follow 
the retreat of the sea and the tilting of the shales tiefore the 
deposition of the coal formation. 

Professor Grout, who spent more time upon the conl formn- 
tion than any other menilier of onr part.v, furnishes the follow- 
ing account: 

The lowest member deposited Is usually a flne wblte Handstoae, con- 
taining a large amount of muecovlte, apparently eecondary, but above tbls 
are many varlatlona. aeveral of which are noteworthy. A large portion of 
tli« formation Is coarse, granitic debris (^rkoae). Coal occurs usually In 
the eandstone. The shales are also micaceous. A bed ol conglomerate 
occurs near Whfteley Peak and Diamond Mountain, with rounded pebbles 
up to two or three Inches In diameter, many of which are porphyry. Not 
only does the formation vary In petrologlcal characters In short dlsfances. 
but also in thickness, which can hardly be accurately estimated. At the 
south there Is probably only 31)0 feet exposed, but at the north there may 
be considerably more. The coal seams vary from one to six or more in a 
distance of two or three miles. In our area most of the coal Is thin, sandy 
and impure, none being mined succesBfulty. A coal seam about sixty feet 
thick Is being worked north of our area. 

As erosion has been very active in our area, and the coal 
formation is the highest, and therefore fully exposed to extensive 
denudation, it is difflcult to say how thick the • formation may 
have been before active erosion began. The source of the |H)r- 
phyry fragments in the conglomerate at Whlteley Peak is un- 
known to MB. It is quite possible that the deposit from which 
.they were derived is buried by the upper beds of the coal fonna- 
tion. 

In the blnfE north of Whlteley Peak the lowest exposure 
above the talus is a very massive, white sandstone, partly oxi- 
dized to yellow in places, bedding planes seldom showing, con- 
taining many concretions impregnated with iron, which in gen- 
eral appearance reminded me of the basal Iiaramie sandstone in 
the Boulder district. These concretions weathered into cavities. 
Well up in this sandstone I was surprised to find Balyitievitrn 
major Lx., a supposed alga which is found associated with ma- 
rine and brackish-water faunas at many localities in Colorado, 
in Fox Hills, upi)er Mancos and Laramie strata, a small form 
occurring also in the Pierre near Fort Collins and in (he lienton 
in Huerfano Park; but I have never seen it associated with fresh- 
water or land species. Above this massive sandstone are shales 
and softer sandstone strata, not well exposed on account of their 
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crumbling character, but they may reach a thickness of twenty- - 
five feet or more. They in turn are orerlain by a thick bed of 
coarse conglomerate, which contains the porphyry fragments be- 
fore mentioned. At the top of the bluff is a curly, insularly 
bedded sandstone, containing numerous poorly preserved leaves 
of laud plants. Some very fine leaves were found just beneath 
the conglomerate at the south end of the bluff, including Juglans 
rugosa Lx., J. thermaUB Lx. and Plantanua nobilis New- 
berry, al I of them Eocene species. The lack of definite 
bedding planes in the lower sandstone and conglomerate, 
Ibe poor exposurees of the soft sandstone-shale zone, and 
tlie irregular bedding of the upper sandstone made it 
difficult to obtain dips which may be depended upon ; so I am 
not certain whether there is any difference in dip between the 
lower and upper strata. If so, it is slight. The presence of 
Halymenitea at about the middle of this bluff leads to the query 
as to whether there is not here a little of the true Laramie. If 
BO, it should be separated from the overlying beds by an uncon- 
formi^-. The contact of the massive sandstone with the under- 
lying shales of undoubted marine origin is covered. We cannot, 
therefore, ascertain whether it is an unconformity, the nearest 
exposures of the shale being some distance to the west, so that 
differences in dip would not be significant. With the known un- 
conformity between the North Park coal formation and the 
Cretaceous shales, it would not be surprising to find a few rem- 
nants of the I^ramie. It would be expected that, as the sub- 
sidence of the sea bottom ceased and emergence from the sea 
began, the transition to land conditions would be marked by low- 
lying shore and swamp conditions, with freshwater and brackish- 
water lagoons, during which more or less Laramie would be de- 
posited, as east of the Front Range. Then, upon the tilting of 
tlie Cretaceous formations, a period of erosion would likely fol- 
low, during which part or most of the Laramie would be re- 
Hioved, leaving remnants here and there, before the deposition 
of the fresh-wafer formations would begin. 

A few fragments of shells from the fork of Arapahoe Creek, 
two miles N. 30° W. of Haystack Mountain, appear to be Corbula 
rel. undifera Meek, associated with fish scales and a single frag- 
ment of Goniohams ? sp. If (Jorhula really does occur, it may 
indicate that local folding and erosion have brought some long- 
buried Laramie to the surface, but the fossils are altogether too 
imperfect to form the basis for any definite conclusion. 
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Mr. Ellsworth Bethel, of Denver East Side High School, 
found a number of Vit^para paiudina;formi8 Hall, an Eocene 
apecies of fresh-water snail, near the Riach coal mine, northeast 
of Rabbit Ears. 

Hayden in 1S74' published a list of fossil plants purporting 
to have been obtained in Middle Park, which list must be almost 
ignored, for the reason that a considerable part of the species 
reported appear to have been obtained elsewhere in later forma- 
tions, instead of in Middle Park, as Cross has shown. Cross 
himself records' the following species from the "poat-Laramie" of 
Middle Park, chiefly from the forks of Kinney Creek and Mount 
Kross, at Sulphnr Springs: 

^FterU penmeformii He«r. Laurui iroasianus Lx. 
P. pgeudopennaiformii Lx. Cinnamomum polvmorphum Al. Br 

Aipleniitm eroaam Ls. sp. Comui imprena Lx. 

Aspldium polvpodioiieg (Ett.) Heer. C. Btuderi Heer. 

Woodwardia laliloMa hx. ?C. acuminata Newb. 

Anemia lubcretacea (Sap.) Gard. ?Aralia notata LiX. 

ft Ett. , ILegvminosiies arachioideg Lx. 

Sabalite* campbetUi Newb. Citictionidijim ovale LiX. 

Popului arclica Heer. CUsui loJiato-crenala Lx. 

Juffkmi rugoaa Lx. ViH» (Cisiut) olriki Heer. 

J. tAermalis Lx. T. (Cissus) tricvspidata Heer. 

J. denticulata Heer. Rhainnus goldianut Lx. 

Plantanut marginattis Lx. Heer. R. clebumi Lx. 

P. raynoldiii Newb. Zisyphut meekii Lx, 

Fteut spectaMiis hx; 

Four of the determinations were considered doubtful, three 
were known only from that locality, and, of the remaining twenty- 
one, at least twelve occur in the Denver beds. 

Of the above species, Juglans ruijoga and J. thcrtiuilia 1 have 
recognized among the fossils from the bluff north of Whiteley 
Peak, associated with fine large leaves of Plantamis noMis 
Xewberry. 

So far as I am able to tell from my own limited observations 
and the notes which have come to me from other members of our 
party, we found none of the marls of tlie later Eocene which 
are said (o rest unconformably upon the coal formation in the 
great basin of North Park, though there may be some in the north- 
eastern part of our area. 

•Sev(-nth Animal Ren'Tt. I'. S. Goul. and Gtug. Surv. Terr., tor ISTS. p. 81. 
"■The Post-I^ramle ISi^ds of Mlddl.- Park, Colo,,- Proc. Colo. Sri. Soc, 
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Volcanic Breccias. — Besting upon the coal formation of our 
area are vok-anic breccias in many places, which are more fully 
discussed in another part of this report. Their main area is to 
the southeast. 

A fragment of a jaw of ParahippuSj found thirty feet beneath 
the surfa4-e, in red soil, at the Stein ranch on Troublesome Creek, 
and recorded by Professor Cockerell,^ indicates the probable ex- 
istence of Miocene at that locality, but none is known within 
our area. 

QUATEBNARY 

Moraines. — ExteuBive glacial moraines occur in the north- 
west part of our area. They may be observed to advantage just 
west of the Continental Divide, north of the Kremmliug-Steam- 
boat road where it passes from the southeast comer of North 
Park over the divide. Id the area north and northwest of Rabbit 
Kars Mountain they are more difficult of access because of the 
roughness of the country, the fallen timber and the morpsses. 
The moraines consist almost entirely of granitic debris, which, 
in connection with their positions and contours, plainly indicate 
that, as would be expected, the ice formed upon and moved from 
the high granitic monntaips to the northwest. The absence of 
basalt from the moraines naturally raises, the question whether 
the igneous activity which brought in the basalt was post-glacial 
— a matter not easy to determine definitely from the evidence 
now at hand, though my opinion is that the basalt is much older 
than the glaciation. Some small deposits of material much re- 
KCnibling the morainal material are overlain with lava in such 
a way as to show that the latter is older than the former, but 
Ruch deposits may quite as well be pre-glacial water-laid gravels. 
There is no evidence which would indicate that the glaciation of 
this i-egion was earlier than that of other portions of the Colorado 
Rockies. Indeed, from the present condition of the moraines 
I should be inclined to assign them to the middle or later period 
of glacial extension, rather than to the earliest. In other por- 
tions of our area the evidence of glaciation is not clear. The 
occurrence of numerous small lakes and other topographic fea- 
tures in one or two places, as near the foot of a very prominent 
cliff near the northeastern comer of oui- area, suggests the action 
of glaciers, but may be quite as easily accounted for on other 
grounds, and my opinion is that they are not of glacial origin. 



'T. D. A, Cticherell,- "'A New Locality (or Miocene MammalB,' 
, Vol. XXVIII, p. eg], IMS. 



.dr,yGoogIe 



40 BEC0NNAI8SANCE OF THE GEOLOOT 

Debris. — Many areas are mapped as debris which are quite 
distinct from the moraiaal deposits. It varies gieatly in coarse 
tiess, angularity and composition, much of it consisting of basalt 
fragments, much of it of granite fragments, the latter possibly 
largely derived from the weathering of the Tertiary conglom- 
erates. On the liills and ridges the debris areas support conifer 
and aspen torestn, often dense, and their outcrops are usually 
found only where streams cut through the harder portions of 
the formations. Where the debris-covered areas were not more 
than a quarter of a mile wide, and the sediments on each side 
were uniform in character and dip, It was usually considered 
safe to map them across the concealed area, but lavas and igneons 
breccias were not mapped much beyond actual exposures. For 
example, Professor Grout believes that in the headwaters of 
Arapahoe and Indian Creeks the breccia with a flow of porphyr^- 
in its midst probably nearly encircles the valleys, but debris 
. covers the outcrops. 

The dat lands along the bottoms of tbe valleys are generally 
covered by alluvium to a depth of several feet. Two or three 
small patches of conglomerate were observed well op the slopes 
of the eroded Cretaceous shales, which may be quaternary, though 
it is more likely that they are i-emoants of Tertiary conglomerates. 
The outcrops were too insignificant in size to represent on the map. 

STRUCTURE 

FOLDS AND FAULTS 

In the sediments there are several folds and a few faults. 
An anticline or dome, slightly broken, near the southwest part 
of the area, brings up an iniier of Morrison along Muddy Creek. 
A similar structure brings up a large area of Montana shales in 
the midst of the coal fonnittion east of Whiteleys Peak. Except 
for the minute crumpling of the shales at igneous contacts, the 
sharpest folds seen were those in the Dakota sandstone at the 
lakes south uf Baker Mountain. Here is a series of sharp folds, 
with dips as high as 80°. Probably some faulting accompanies 
these folds in the sandstone. 

Besides the small fractures due to sharp folds, there is only 
one clear ciisc of faulting mapped. This is at the creek south- 
west of Ii-onclad, wliei* a ravine cuts through a gorge with ver- 
tical banks, and shnlc apiteai-K in one bank and sandstone in the 
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other. The throw is not extreme, as both banks are members of 
the eoal formation. 

RESUME OF HISTORICAL GEOLOGY 

We have no evidence throwing any light upon the pre- 
Permian geology "of the region. The earliest sedimentaries — the 
Red Beds — are believed to be Permian or possibly Triassic, about 
equivalent to the upper Lykins, and are probably marine. If not 
Triassic, then the Triassic was here a period of non-deposition, 
or the deposits were eroded away before the next deposition 
period. The marine Jurassic is also missing. The Morrison 
epoch, geqerally considered late Jurassic, was a period of land 
and fresh-water conditions, doubtless, as elsewhere in the Colo- 
rado Rockies. If' the Morrison is Jurassic, then probably the 
Lower Cretaceous is entirely missing. The so-called Dakota is 
probably upper Cretaceous and was mostly deposited by fresh 
water, as shown by the character of the sediments, taken in 
connection with the fossil leaves of land plants, fragments of 
which are numerous, but undeterminable. Then followed a long 
period of marine deposition upon a subsiding sea bottom, during 
which in the neighborhood of 7,000 or 8,000 feet of fine shales, 
limestones and a little fine sandstone were deposited, represtjnt- 
ing Benton, Niobrara, Pierre, and probably Fox Hills time. Then 
the sea retreated. Whether any Laramie was deposited during 
the transition from marine to land conditions is not certain, but, 
if so, most of it was probably eroded away before the next series 
of strata was deposited. In tbe emergence of the land from the 
sea, the Cretaceous shales were more or less tilted so as to assume 
easterly dips. In early Eocene time the sandstones, shales and 
conglomerates containing the coal beds of North Park were de- 
posited, probably by aggradation, such as is now being carried 
on in many places by streams working back and forth over broad 
areas, as many of the deposits of the West which were once 
considered lacustrine are now believed to have been deposited. 
Subsequent to the deposition of these beds, extensive dikes 
and sheets of lava were intruded, which through their resistance 
to erosion now form the prominent knobs, ridges and mountains 
of the area. Volcanic activity was accompanied by local folding. 
During Pleistocene time glaciers formed on the mountains to the 
northwest and swept down into the northwestern portion of our 
urea. Prior to this time, erosion had been active and had formed 
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valleys (or the accommodaf ion of the glaciers. The worlt of 
aqueous and aubaerial erosioo 'm tearing and grinding to pieces 
the formatione deposited during Mesozoic and early Cenozoic 
time, as well aa the Archean granites, is still in active progress. 
The folding which began at or just after the close of Cretaceous 
time, probably continuing for some time into the Tertiary, gave 
to North and Middle Parks their present basin-like appearance, 
tilting the sedimentaries up along the flanks of the uprising 
mountain ranges which now surround them. 
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IGNEOUS ACTIVITY AND IGNEOUS ROCKS 



By p. F. OBOUT 



ARCHEAN 

The earlieet igneons activity recognizable in the ppgion re- 
salted in ucid and basic intrusiveb ol eoiue variety in the Archean 
complex. Whether or not the gneiBses and schists now forming 
a small portion of the surface exposure of Archean are of igneoub 
origin, it ia certain that the granite and pyroxenite intruded into 
fhem were the results of profound and extensive volcaniam. But 
while varying in petrographic detail, the Archean has no clearly 
marked division which it ia practicable to represent on the map. 
Along the contact of more recent sediments with the Archean, 
inlnisive granite is the nioet abundant Archean rot:k, and for 
several miles along Muddy Creek the granite forms a belt nearly 
a mile wide before gneisses or schista are at all prominent. The 
< basic rocks form much smaller masses. 



The schist is usually dark and decidedly variable, and the 
planes of schistoaity show no regular dip. In the field nearly 
all the large exposures show quartz, hornblende, biotite, mus- 
covite and epidote. The microscope reveals also feldspars — ^botb 
orthoclase and plagioclase — augite, magnetite and actinolite. 
Garnets were found in the gravels of several streams, and were 
probably derived from the schists. 



The granites are a common type, of pink to red color. They 
vary from fine to medium grain, and contain incluaiona of 
schist, aplite and pegmatite, and are cut by dikes. Porphyritic 
phases are common. The microcline phenocrysta show Carlsbad 
twinning, and sometimea attain a length of two inches. Contacts 
with the schist are extremely intricate wherever seen. 
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yhe mineralfl of the graniteH vary. There ia an i 
inrrease of oligoclase over ortboclase, till the rock approaches n 
quartz diorite. .Both ortfaoclaee and microcline are abuodant. 
Surface sampleB uBually show nmscovite and biotite as the va- 
rietal minerals. The microscope shows that augite was primary 
iu some eases, and hornblende has formed from it, as has possi- 
bly biotite also. Magnetite and apatite appear only as small in- 
clnsioDB. Kaolinisation of the feldspars has not gone far. 
Weathering yields ariose sand rather than clay. It is especially 
noticeable that the pegmatites break up into feldspatbic debris, 
which has been carried in the form of angular gravel to a distance 
of half a mile from the dikes. 

The pjroxenite found in a few outcrops in the granite region 
— probably as a dike — has a medium-granitoid texture. The nearly 
colorless augite is partly altered to blue-green hornblende, which 
commonly forms a fringe around the augite, but in some cases 
occupies the whole area of the original pyroxene. 

POST-ARCH EAN 

The very wide-spread post-ArcLean igneous activity, evident 
in the region, cannot be accurately discussed from our local work. 
The topographic effects of this activity are more pi-ominent than 
those of the earlier intrusions. It is clear that there have been 
several periods of activity, as is known to be the case elsewhere 
iu the state. 

Within the area mapped are many varieties of eruptive rocks. 
They appear in all formations from the oldest to the youngest 
of the sedimentary series, with the possible exception of the 
glacial drift. The intmsives and extrusives are clearly similar 
types, and outside the Archeau area no plutonic rocks are ex- 
posed. The intrusions and extrusions are thought to be largely 
contemporaneous. Certainly dikes and sheets can be correlated 
on Baker Mountain, and in the region to the south. Some occur- 
rences make it probable that dikes and flows may be equally 
well correlated. 



The lavas found in a flow at Rabbit Ears Mountain, in a 
sheet six miles south, in the plug of Spicer Mountain, in the 
dikes of Grizzly Creek, and in the laccolith of Ironclad, are so 
similar in chemical composition that, in mapping, no attempt 
has been made to distinguish these various occurrences. The dis- 
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tinctioDS made are based on the general appearance, texture and 
mineral content. Gradational changes appear, and it Beema 
probable that all the lavas of the district belong in a single 
Beriea, Thia is borne out by the chemical characters discussed 
below, 

A study of the rocks leads to a division of the lavas into 
four main classes, called here: 1, the basalts; 2, the dacite por- 
phjriea; 3, the qaartz latltes; and, 4, the andesites. The fifth 
symbol used in mapping is for the breccia and an occasional flow 
of Types 1 and 2. The distinction in general is clear; for with 
olivine the basalts invariably contained labradorite, while the 
dacites, with few exceptions, had no olivine, but little augitc, 
much hornblende or biotite, and usually oligoclase. The latites 
contain orthoclase. 



In a general way, the age of the lavas can be determined 
from two occurrences: (1) At a cliff two miles N. 60° E. from 
Whiteley Peak, and from there several miles to the northwest the 
rocks of the coal formation (E^ocene?) contain numerous pebbles 
'Of porphyry. The pebbles are from a rock more like the latites 
than the other types. The occurrence of other masses of latite 
confirms the view that they are rather old. (2) Since the coal 
beds were formed there hove been two periods of eruptive activity, 
as shown on Diamond Mountain, where a large sheet of lava rests 
on coai-hearing sediments, and both sediments and lava are cut 
by a basalt dike. 

The exact time at which the eruptions ceased is not certain, 
but it was probably quite recent, judging by an occurrence on 
Rabbit Ears Mountain. Here the truncated edges of sediments 
of the Colorado group have been covered with 100 feet of wash or 
drift from the granite area some distance away. This deposit 
is covered by a flow of basalt. The tilting and erosion of the 
Colorado formation and the deposition of the wash represent 
a long period of time, suggesting that the basalt flow may be late 
Tertiary or even more recent- 
It is therefore probable that igneous activity began in late 
Cretaceous or very early Eocene time, and continued fill very re- 
cently, and that there were several quite distinct periods. It is 
true, however, that two periods of eruption do not necessarily 
involve radically different types of lava. The case cited on T>ia- 
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mond Mountain shows only slight differences between the sheet 
and the dike. 

' Now th« commoD impreBsioD extstB that volcanic activity be- 
gan in Colorado in Tertiary times, and that coal formation 
ceased by that time. Cross and Howe state' that "Nowhere in 
Colorado is there evidence of volcanic eruptions in the Cretaceous 
period until after the close of the Laramie proper." 

Ab the present work shows a very close relation between 
the coal beds and the porphyry (emptiou occurring both before 
and after), it may be best to describe this occurrence in more 
detail. At the cliff mentioned the coal formation lies uncon- 
fonimbly over Montana shales, but the 'outcrop shows no other 
unconformity in a lai^, clear exposure. The section is : 

Feet 

Coarse brown a&nd of the c lift 125 

Conglomerate with porphyry and granite pebbles 5 

Yellowlab arkoae sand 76 

Coal 3 

White shaly and micaceous sand 75 

(UncoDfonnfty) 

Here the conglomerate is above a coal seam, hut coal occura 
at several horizons in the formation, and three miles northwest at 
Arapahoe Pass a conglomerate of identical appearance dips at an 
angle which would carry it below a coal bed outcropping at the 
top of the pass. As the dip of the coal formation is ratber uniform 
through the area, it is quite certain that coal lies both above 
and below the conglomerate. 

CONTACTS 

In the few contacts well exposed, the effects of intrusion 
upon the sediments were extremely slight. Benton shales were 
crumpled or brecciated for a distance of only a few feet. At sev- 
eral places they were silicifled or impregnated with pyrite. Sedi- 
ments of the coal formation seem entirely unaffected. A rather 
extensive alteration of I>akota sandstone to quartzite near Baker 
Mountain may be due to igneous action. 

QUAETZ LATITE 

Desctiption. — This rock is so white and chalky, and is 
jointed in such plate-like, shirly forms, that in some outcrops it 
iiesembles shaly limestone. Id the field it was called rhyolite. 
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On freshly broken, nnweathered BurfaceB it may be very light, 
dull red or gray, but this color bleaches out completely or may 
be turned brown by ferruginous solutions, as jn one place on 
Haystack Mountain. The rock occurs in laccoliths and dikes, 
without any vesicular structure, but often with lines of flowage, 
and alternating color from ^raj to white. Megascopic examina- 
tion reveals only a few quartz grains, and an even smaller num- 
ber of feldspar and biotite grains, in a very &ne, light ground- 
Under the microscope it becomes apparent that quartz is 
not very abundant, as several sections, cut from rock showing 
quartz phenocrysts, missed them entirely. The large quartz 
crystals are slightly corroded, and feldspars of smaller size are 
much more numerous. Albite in automorptkic crystals is usually 
more abundant than orthoclase. A test for alkalies shows that 
the rdck is intermediate between the potash and soda types of * 
composition. Biotite is very B|)aringly present, and magnetite 
is even le^ abundant. The gronndmass is microfelsitic, and 
appears to be composed of glass, quartz and orthoclase. Tra- 
chytic texture Is evident in the specimens that show flowage lines 
on a large scale. From the certainty of quartz in nearly every 
outcrop, and the high percentage of silica, it is clear that the 
rock is properly called quartz-latite. (In the absence of lime- 
feldspars, it might be called a rhyolite.) 

The p^bles of porphyry from the coal formation yield a 
modification of this type. With a texture and groundmass 
almost identical, none of the six pebbles examined shows quartz, 
and only a few sections show orthoclase. They thus approach 
the andesite type. 

Age. — As only laccoliths and dikes occur, it seems likely 
that any eitrusives have been entirely eroded. The relation to 
sediments of known age is not clear, except that the lava in- 
trudes Montana shales. These points uphold the evidence fur- 
nished by the pebbles occurring in the coal formation, that the 
rocks are of early date. 

Distribution. — There are three main masses, none of which 
appears on earlier maps. Haystack Mountain is the largest. In 
contact with the Whiteley Peak basalt is another laccolith, and 
a short distance north is a much smaller mass. 
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E-RICH B&BAin: 

Description. — These rocks usually show no phenocrysts to 
the naked eye, except small olivine and rarely plegioclase grains, 
in a grouDdmasB wbich is very black when fresh and which 
weathers brown or gray. Some masses have a platy jointing, 
some columnar. Weathering has developed a decided spheroidal 
structure in several places. The type occurs in all varieties of 
position, and extrusive masses are vesicular or even scoriaceous. 
Amygdaloidal illling is found occaBionally. Fragments of this 
type occur in the breccia also. 

The texture, seen under the microscope, varies fVom uni- 
form mjcrogranular to decidedly porph^ritic, though pbeno- 
crysts are not very large. The groundmass often shows a tra- 
chytic arrangement.' Rarely there is a tendency to a diabasic 
texture, but much more commonly the augite is older than the 
plagioclase. The feldspar present is labradorite in all the 
samples taken, and is usually zonally built. A large proportion 
of the plagioclase phenocrysts show the effects of dynamic action 
— irregular twinning bands, crossed twinning and wavy extinc- 
tion. Olivine occurs in grains larger than the average, frequently 
in well-formed automorphic crystals in various stages of altera- 
tioo to iddingsite, serpentine and caicite pseudomorphs. Augite 
is especially abundant, both as small phenocrysts and as a 
prominent part of the groundmass, even exceeding plagioclase 
in many sections. In the groundmass, and less often in larger 
crystals, it has a decidedly needle-like habit, which is unusual 
in this mineral. The extinction angles and lack of pleochrism, 
however, make its identity clear. It is very light brown or green, 
twinned, and rarely zonally built. Alteration yields a mass of 
green or brown chlorite, and caicite. Less often a fringe of 
hornblende borders the augite. Magnetite octahedrons and much 
dust are noteworthy. When not a mixture of augite and plagio- 
clase needles, the groundmass is augite in an isotropic matrix. 
This may be largely glass, but from the analyses it is thought 
more probable that analcite is abundant. Though olivine may 
give a silica jelly, the ease with which one can be obtained from 
the powder of this rock is further evidence of analcite. A late 
stage of alteration of the groundmass forms a mass containing 
a high percentage of caicite. 

Very striking, and appearing very much out of place in 
these rocks, are occasional large corroded grains of quartz and 
orthoclase. One or two real inclusions of granite and other 
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rocks are so different thattbeae quartz and feldspar cryatals 
probably belong to the original rook and are not accidental in- 
clusions. The corrosion rims along the. borders indicate exteu- 
ciive resorption and reaction, but are too fine-grained for accurate 
determination, hem corroded, but equally striking, and excep- 
tional also, are large feldspar crystaU of mottled or graphic 
appearance. The increaee of hornblende marts a gradation to 
the dacite porphyry. Amygdaloidal cavity flllingB have been 
found to include calcite, chlorite, natrolite, and probably other 
zeolites. 

Age. — Many surface flows remain as prominent features in 
the topography. Dikes of this rock cut earlier igneous rocks. 
Both these facts seem to indicate relatively recent formation. 
The Rabbit Ears flow probably gives the best evidence at hand 
of the lateness of the eruption. The conformable Colorado- 
Montana groups were tilted, eroded, and later covered with 100 
feet of debris from granite rocks, before the eruption. The debris 
has the character of the glacial debris now found in the imme- 
diate neighborhood, but may very possibly have had another 
origin. 

FHatHbution. — This is tbe most abundant type in the dis- 
trict, occurring in masses both lar^ and small, and as fragments 
in the breccia. - 

DACrrE PORPHVEY 

Description. — In the field the dacites are usually su different 
from the basalts that they are readily recognized as different 
rocks. They have a lighter-gray grnundmasK, and havi- many 
phcnocrysls of white plagioclane and a few of quartz, which reach 
a maximum width of a quarter of an inch. The rocks weather to. 
a darker brown than they are when fresh, and a few develop 
spheroidal structure. The common jointing is columnar. The 
dacites form sheets and small laccoliths, and fragments of dacite 
occur in the breccia. These fragments may be very vesicular, ■ 
but still bejir phenocrysts. 

Under the microscope the phenocrysts still appear prominent, 
and augite occurs as a common accessory, as well as hornblende 
orbiotite. Olivine is absent. The plagioclase is usually oligoclase 
or andesine, rarely labradorite, and is a very variable constituent. 
It may seem of doubtful propriety to include in one group rocks 
with feldspars as different as oligoclase and labradorite. These 
vac^'ing si>ecimen8 are much alike, however, in associated min- 



■d^yCoogle 



50 BBCONNAIBSANCk) OK' THE 

erals. In Bome Bpecimens the feldspar of the phenocrysts may 
differ from tliat in the (rroundmasB. Many are zonal in structure. 
The quartz appears — as in the basalts — only as much-corroded 
crystalB, which, however, are certainly not accidental inclusions. 
Orthoclaste likewise appears. These minerals are niucli more 
abundant than in the basalts and are not quite ho much corroded. 
Augite forms a few such antomoi'phic phenocrj'sta as are found 
in the basalts. Hornblende of the brown basaltic type occurs in 
crystals of good size, but it forms a widely varying proportion 
of the rock in the specimens examined. Decrease in hornblende 
and increase of augite nmrk the gradation to basalts and quarta 
basalts. A green type of hornblende is sometimes found. The 
hornblende is commonly altered along the borders, and some- 
times a complete pseudoniorpb of spotted, dusty magnetite occurs. 
Crystals without some change of this sort are rare. A less com- 
mon alteration in this series yields fibrous chlorite and calcite. 
Biotite forms crystals of the same general color ahd appearance 
as the hornblende. Hornblende of a light blue-green color forms 
fringes around some of the nearly colorless augite. Magnetite 
is quite abundant, and pyrite was seen in a few sections. The 
grounmass is rarely coarse, varying from fine-grained to glassy. 
1 1 lacks the augite neeclles so characteristic of some of the basalts, 
extreme alteration results in a mixture of calcite and clay. 

Age. — There is little to indicate the age of these rocks, hut 
ilieir occurrence in hiccolitliM, now eroded, indicates a long time 
interval. If the i)ebbleB of the coal formation are of a related 
type, this is further evideme of their early formation. 

DtHtribution.—liaker Mountain and a small laccolith just 
east of Muddy Pass are the noteworthy exposures. 

ANDESrrE POKCliVRV 

Desvrijitton. — The field appearance of the andesite is vari- 
able. Some of it resembles the dacites, while in other outcrops 
it is a dark rock with large phenocrysts of hornblende or biotite. 
It forms fragments and flows in the breccia, several dikes, and 
possibly a small plug. 

The microscope shows tlie presence of phenocrysts of plagio- 
clase and augite. 

Age.-~lt» age is not clearly determined, but, from the rem- 
nants of surface flows above all the sedimentary series, it may 
well be a product of the more recent eruptions. 
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Distribiitiun.— The proiainent dike alonjj; Muddy Creek is a 
biotite andesite which shows a transition, at the south, to a rdck 
coneistiiig of biotite in a mass of ligUt-toIored griiloM having au 
extremelj wavy extim-tion. ' The other outcrops of andesite are 
more closely associated with the breccia. 

MODIFIED TYPES AND OOADATIONS 

Diamond, Bear and WMteley Mountains consist of materia) 
varying slightly from the types described, in that they have small 
amounts of ferromagnesian minerals. The main masses of Bear 
and Diamond Mountains consist of a rock nearly 90 per cent 
plagioclase. This weathers to a very light brown, but is ottier- 
wiee much like the basalts, and is mapped with tbeui. Olivine 
is represented only by doubtful pseudomorphs. 

The olivine rocks of Babbit Ears Mountain, when traced 
northwest for about two miles, grade into a rock containing both 
olivine and hornblende. As the feldspar of this rock is labra- 
dorite, and as the ixH'k forms but a small part of a hirge mass, 
it is not shown on the map as a distinct type. 

In two localities outcrops of shale contain a small layer 
parallel to the bedding, which is so different from any other 
sediment that it is thought to be a decomposed lava sheet. On 
the northeast slope of Baker Mountain, not far from some dikes 
and other lai^r masses, in Benton shales is a sheet which seems 
to be an altered amygdaloidal rock, now thoroughly softened to 
'kaolin and chlorite. The other outcrop is in the shale of the 
coal formation, about a mile east of Collins' ranch, and, although 
equally altered, it appears to consist of spherulitic masses of 
light-yellow mineral in a dark-brown matrix, all now altered to 
n ferruginous clay. 

South of Buffalo Mountain, on the northeast side of theaiv-a, 
is a pink porphyry, in which quartz and vitreous oligoclase and 
orthoclase form phenocrysts in the pink groundmass. Under the 
microscope the groundmass proves to be glass. It is best classed 
as rhyolite from its proportion of potash. 



DeacHption. — This term is used for an immense deposit of 
fragments, with some flows, found mostly in the eastern and 
southeastern part of the area. Only very small parts of the 
mass would properly be calle<l tuffs. "The material forms promi- 
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uent (liffK, iiiuuiitniiiH uud iuiiuuduoi'k», ii»uall,v bi-uwii. red or 
(link in t-olor. >lt is over a thousand feet in tliii-knoss utid 'roa- 
Ri8ts entirely of igneous material, mustl.v angular, and ofteo 
Kcoriaceoua or vesit'ular. The fragmentB range up to ton fvet or 
more in dianseter, and vart; from that size to fine ashy powder. 
An occasional lava flow is included. Ashy beds are local and 
irregular and, as a rule, fine, and coarse particleB have accumu- 
lated in a mass showing very little evidence of stratification or 
assortment, gome of the larger cliCfs contain layers of slightly 
varying color, and the presence of a flow may give the appearance 
of stratification. Where a little indistinct bedding is found in 
the smaller cliffs, it is extremely irregular. It is evident that 
water action has been slight. In following exposures either lat 
erally or vertically, there is no evidence of regular progressive 
changes in the character of the material. At any one place no 
great variety of rock fragments can be found. Various textures 
of one type may appear. Scoria fragments appear red as com- 
pared with more compact masses of the same type ; and the finer 
ashy niiiteriul may also vary from white, through red aud biwvn, 
to black. The basalts and andesites are the most common rocks, 
and both occur near the base and near the top of the breccia 
mass. 

A bed of similar material at the base of some of the cliffs* 
shows rounded boulders and evidences of water action. This, 
probably belongs to the coal formation. 

In nmny cases the cementing material is ash, but iu the* 
isolated Ilahhit Kars mass, calcite is jirominent. and in others 
chalc('d«my and hematite play impotlant parts. In material se- 
lected for sections, fine asiiy pavlicles fill llie main part of the 
space between large fragmenls. Itetwwn the visible grains the 
groundniass seems to t)e, in some cases calcite, and in others an 
isotropic filling, possibly o])aline in character. Ilyalite was found 
in the cliffs. Some of the breccia may have igneons cement, re 
siiltinp: from the flow of a lava over loose fragments. 

Affr. — This is discussed in the section on "Hiatorical fieol- 
ogy," and is believed to lie post-Eocene or late Eocene, from its 
unconformable relations above the Eocene coal measures. Xo 
attempt has been made to correlate these eruptions with the pe 
riods of igneous activity in the San Junn and elsewhere in Colo- 
rado. Its unconformity with the coal measures is proved by 
specific localities on iipiM?r Arapalioe aud Indian Creeks. 
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Diatribution. — The western boanclary of the breccia mass 
is approximately that of a large area mapped by the Hayden 
survey as basalt. If this cotiBists of similtir material farther 
east, there is an area of over 140 square miles, covered with 
breccia, with its center outside our map. West of the main area 
are a few scattered outliers as far as Arapahoe Pass, and then 
an isolated patch of rather different chamcter at Babbit EavB 
Mountain, and the cliffs near by. 

Source. — The actnal source of the breccia fragments is un- 
known. The fragments at the isolated Babbit Ears outcrop sug- 
gest explosive eruptions, which produced bombs and ash, and 
ejected fragments of at least partially molten material. The 
main masses in the eastern area show less of such material, and 
the origin of the greatest area of breccia may have been some- 
what different. In the larger cliffs there are usually one or moi-e 
flows in which the vesicular u^tper layer has not been deeply 
eroded. 

It has been noted that few of the fragments or beds indi- 
cate any extensive water action. No powerful erosive agent was 
operating on the material at the time of its formation. Much 
more probably some immense masses of lava, in a solid or nearly 
solid state, were shattered and blown up in a series of explosive 
eruptions, and the debris was both widely scattered and piled 
high. Less explosive outpouring of lava alternated with the 
violent eruptions. Possibly mud flows are responsible for some 
of the finer layers. 

Nothing yet observed has given any key to the location of 
the center of activity. The center of the present area is east of 
the region visited, but dikes and other intrusions occur on aH 
sides of it. and there is no certainty that the present ai-ea is the 
central portion of the volcanic area. It may be only a remnant 
on one side of the' volcano. 

CHEMICAL EXAMINATrON OF THE IGNEOUS ROCKS 

An approximate analysis of the rock of the laccolith easl 
of ^^^lite!ey Peak, with special care in the estimation of alkalies, 
gave these figures and calculations: 
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APPROXIMATE CHARACTER OP QIARTZ LATITE 

SiO, 73.80 Orthoclase 26.60 

A1,0, not aetermlned Alblte 42-75 

TIO, Not determined Anorthlte 2,50 

Pe.O. Trace Quarts 26.00 

MgO Trace Not determined 2.15 

CaO .' 50 

Na,0 5.06 

K,0 4.50 

T\\e rork w high in nlkali. but the alkali i» very largely soda. 

ESTIMATE OF ALKALI IN OTHER TYPES 

DACITB FROM RED ROCK FROM 

MUDDY PASS BUFFALO PEAK 

Na,0 4.47 2.52 

K,0 3.04 4.20 



ANALYSIS OF BASALT 

SIO, 47.03+ NORM 

Al,0, 13.83 OrthoclaBe 9.45 

Fe,0, 4.12 Alblte 21.48 

PeO 8.37 Anorthlte 18,90 

MgO 7.95 Nephelite 2.56 

CaO 10.15 DIopalde 22.40 

Na,0 3.08 Olivine 12.76 

K,0 J. 1.68+ Magnetite 6.03 

H,Ot 1.10 Ilmenlte 4.56 

H,0~ 30 Apatite 1.34 

TIO, 2.39 Combined water 1.10 

P,0 51 Moisture 30 

CrjO, 02 

MnO 33 100.^8 

SrO Trace, less than .10 

L1,0 Trace, lees than .06 



In the qnantitative chemico-mineralogic clasBification the 
rock is a camptonose. 
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TABLE OF ALKALIES IN THE SERIES OF ROCK6 

This series of Chemical results brings out a point in the re- 

latioQship of .the rocks of the district. From basic to acid rocks 

there is a rather definite gi-adation, shown quite clearly in the 

proportion of potash and soda : 

BASALT DACITE QUARTZ LATITE RUYOLITE 

Na,0 3.08 4.47 5.06 2.52 

K,0 1.58 3.04 4.50 4,20 

SIC, 47.03 ... 73.80 ... - 

The analyses confirm the impression obtained from a study 
of the rociiB in the field and with the microscope, that the types 
and gradations may all be members of a single series which dif- 
ferentiated rather widely. 
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ECONOMIC GEOLOGY 



BY F. F. GROUT 



PRECIOUS METALS 



There has never been any noteworthy production from the 
region, and the proBpectB for agriculture are t>etter than those 
for mining. The old reeidente have long known of the existence 
of gold on several Btreams in the area. At Grizzly placer mining 
was carried on for a short time, but work was not continued, and 
the gold ia reported to have been rather fine. Coarser gold is 
reported from Diamond Creek and from Muddy Creek, near 
Bartranrs Basin, but no mining has been done. These various 
locations do not show drainage from any uniform type of rock, 
and it does not seem probable that any one igneous intrusion, 
or any one sediment, is entirely responsible for the gold now in 
the stream-beds. Rather careful work and test-pits to bed-rock 
are usually needed to find the gold as reported. 

In an effort to locate the bed-rock deposits which might 
yield placer gold, the igneous conta:ct8 and veins of all visible 
types and sizes were studied. The brecciated shales near the 
contacts of igneous and sedimentary rocks about Baker Moun- 
tain and Bear Mountain were silieifled and impregnatejl with 
pyrite. The upper parts are now oxidized. All these and various 
outcrops, and the test-pits just west of Muddy Pass, were 
sampled, but no gold was found. No other contacts appeared 
more promising. Some shear zones and highly ferruginous zones 
in the lavas of all three types yielded nothing of value. No 
strong, persistent veins of any type were discovered. A few 
irregular calcite veins in the shales in the neighborhood of Bome 
lava masses, and some green-stained chalcedony veins in the 
lavas, were tested without result. Basic dikes in the sediments 
have been prospected in several places, but there is slight evi- 
dence of mineralization. The absence of deep-seated rocks may 
be taken, in a general way, as a geologic indication that slight 
mineralization is to be expected along the contacts. 
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The dmussiun would not be coniplete without reference to 
the legendary "loat mine," The legeud ia based on a rumor that 
a mjBterious stranger occasionally visited the Rabbit Ears 
region, and, though alone, soon came away with a bag full of 
gold. Whether he took it all, or died leaving a rich deposit in- 
completely developed, none can say, for he never told the secret, 
but ceased to pay his visits, 

FUEL AND STRUCTURAL MATERIAL 



The coal formation of the central eastern part of the area 
has been prospected for coal at several horizons. Many thin 
seams occur, usually with sandstone roof and floor, and the 
usual variable thickness to be expected with, such associations. 
A few miles north of this area a coal seam sixty feet thick is 
being opened by the Riach Mining Company, but within the area 
mapped no workable seam is known. The coal weathers to a 
brown color and develops platy structure, but is black and con- 
cboidal and lustTous. od fresh surfaces. No analyses were made; 
as the lai^r beds were so sandy as to be of no value. 

BUILDING-STONE 

With the development of the country and the coming of 
railroads, building-stone of local deposits may be valuable. A 
gray granite northwest of Babbit Ears is of promising quality. 
Parts of the Dakota sandstone may be available. The clays of 
the Cretaceous seem to be of about the same general quality as 
those east of the Front Range. The valuable r>akota fire-iOay 
is represented by thin seams, not exceeding three feet. 

OTHER MINERALS 
Gilsonite. or some i-elated hydrocarbon, probably ozocerite, 
I occurs locally in the Dakota sandstone. This is probably re- 
sponsible for the mistaken idea of the settlers that several black 
shale banks are gilsonite. The most notable occurrence is about 
five miles north of Rabbit Ears, where a layer of the Dakota 
sandstone is sufficiently charged with hydrocarbons to give it a 
black or dark-brown color. The extent of the layer is probably 
small, as the Dakota is here faulted out as. a block, and is not 
continuous with the hog-backs north and sontli of it. 

The soils of the area are simitar to those developed from the 
corresponding formations east of the Front Range. 
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INTRODTOTIOX 

Lj'kins is the name given by PenDeman, in his bulletin on 
tbe geologj' of the Bonlder district, to the upper portion of 
the "Bed Beds" in the Front Range of eastern Colorado. The 
age of this formation has never been settled. It has been as- 
signed to various ages from the Upper Carboniferons to tbe 
Triassic, bat is commonly spoken of as Triassic. This is dne 
primarily to the almost total lack of fossil evidence. Up to the 
summer of 1910 there had been no well-autbenticatpd report of 
fossils from this formation along the entire range. 

In the summer of IdlO the Colorado Geological Survey 
sent out the writer and Mr. David L. Curtis to examine the 
formation with special reference to tbe determination of its age. 
The last direction from the state geologist was: "Bring back 
fossils from the Lykins formation." During the summer and 
fall we followed, with considerable care, the. foothills from the 
Wyoming line down to the New Mexico line, keeping as close to 
the outcrop of the Lykins as possible. Id this work it was found 
necessary to study, to a greater or less extent, the underlying 
Lyons, Fountain and other Upper Carboniferous formations, and 
the overlying Morrison or Jnrassic formations. That is, we had 
to keep in touch with practically all the sedimentary formations 
from the pre-Cambrian to the Cretaceous. The topographic sheets 
of tbe United States neological Survey were used for the geo- 
graphical work. 
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of Colorado were used in the correlatioo. In this correlatioo 
the writer has looked up all the literature he could fiud od the 
subject, and the bibliography' will be found at the end of this 
paper. 

GEOGRAPHY 

The genenil trend of the ontcrop studied is very nearly north 
and Boath, A strip of country from ten to twenty miles wide, 
extending from the 105th meridian westward, would include 
practically all of the outcrops of the upturned sedimentary 
formations from the pre-Canibrian to the Montana. From Pikes 
Peak south they are found somewhat farther west. In general, 
the Carboniferous outcrops form the eastern flank of the foot- 
hills; however, in places, several ridges of low hills of more 
recent sediments parallel the outcrops of the older formations. 

FORMATION NAMES 

The Lykins formation is a part of that which the Elayden 
and later geologists have called the "Red Beds" of the Rocky 
Mountain region. Emmons, in the Denver Basin Monograph, 
divides the "R4?d Beds'' into Ix)wer and Upper Wyoming. Cross, 
in the PikcB Peak Folio, has called them the Fountain forma- 
tion. Fenneman ' divides the Lower Wyoming of Emmons into 
the Fountain and Lyons. The Upiier Wyoming he calls the 
Lykins. Fenneman's names will be used in this paper, as far 
as possible. Fenneman correlates his Fountain with the lower 
part of the Fountain of Cross in the Pikes Peak area. The 
Fountain of Fenneman is litho logically and stratlgraphically 
identical with the typical Fountain at Fountain Creek; the red 
shales and the "crinkled sandstone" are lithologically the same 
as the Lykins at Boulder; and tbci'e can be very little doubt that 
they are the same formations, even though the continuity cannot 
be established so completely as van that of the Fountain. The 
strata corresponding to Ihe Lyons were re<'ognized at this point 
also, but the formation is not nearly so distinctive as it is at 
Boulder. In the Walsenburg Folio (22) Ilills gives the name 
Badito formation to the "Red Beds." Hills discusses the "Red 
Beds" of the Sangi-e de Cristo Mountains west of Tiinidad as the 
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Sangre de Cristo formation. A portion ot the "Red Beds" in tlie 
southern part of tlie state has been named the Arltanaas sandstone. 

Darton has given the name Sundance to a buff-to-yellow 
sandstone series which occura between tbe red shale series and 
the Morrison formation in the Sherman quadrangle and else- 
where in Wyoming. He records from the Sundance BelemniiCH 
densuB, Gryphaa calceola and Pcntaci-titiia astcriscua, "of late 
Jurassic age," In the summer of 1912 I followed this formation 
from Darton's Horse Creek locality, in Wyoming, southward into 
Colorado. Tbe formation is not exposed continuously, but there 
is very little doubt that it extends into Colorado as far south as 
theCache la Poudre River. South of this river there are one or 
two places where it may be exposed, but there are no fossils, and 
a safe correlation cannot be made on lithological grounds; so, 
south of the river no Sundance is mapped. Darton' says that 
the "Sundance formation extends only a: few miles into Colorado 
from the northward, finally thinning out." Hayden' reports the 
finding of Ostrca and Pattacrinus antrriscus on Box Elder Creek, 
in "thin layers of fine-grained, grayish, calcareous sandstone," near 
the base of a series of strata consisting of "ashen-brown nodular 
or indurated clay, with deep, duU-pnrpie bands, with some layers 
of brown and yellow fine-grained sandstone, undoubtedly the 
usual Jurassic beds with all the lithological characters as seen 
near Lake Como, on the Union Pacific Railroad — ^150 to 200 feet." 
Marvine and Darton botli quote Hayden's report without any 
further information. No one since ap)>ears to have been able to 
locate that fossil horizon. 

Feniienian's Lyons (Iti) is the Creamy sandstone of Emmons 
(15). The Lyons is in part equivalent to Darton's Tensleep sand- 
stone (9), but the formation I have called "Ingleside" is more 
nearly the equivalent of the Tensleep, Darton's CUugwater (9) 
is equivalent to the Lykins. The Sundance has been traced from 
Wyoming southward practically to the Cache ia Poudre. In this 
paper the names Fountain, Ingleside, Lyons, Lykins and Sundance 
will be used for the equivalent subdivisions of the "Red Beds," 
wherever they have been found in the area studied. ■ In southern 
Colorado it is not easy to subdivide the "Red Beds" on lithological 
OP structural grounds, and sutScient paleontological evidence is 
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not at band ; ao that Bubdiviaion haa oot been attempted in thia 
paper. 

I have heaitated to burden the literature of the "Red Beda" 
with a new name; but, in order to make myself clearly under- 
Btood, and to avoid confusion by tbe use of the term Lyons in 
too broad a aeuBe, it has laeen thought advisable by Dr. Girty, 
Professor Henderson and others. I have, therefore, given the 
name Ingleaide to a aandstone-liuiestone series extending geo- 
graphically from beyond the state line to the north, to a point a 
little north of Lyons, It is typically developed at the Ingleside 
quarries and also at Owl Canyon. (See section at Owl Canyon.) 
These places are a few miles north of La Porte on the Fort 
Collins-Livermore stage-road. This formation lies apparently 
conformably upon the Fountain, and consists of an alternating 
series of limestones and fine-grained sandstones, varying from 
too to 125 feet in thickness — possibly a little more at the state 
line. These sandstones and limestones vary in color fi'om gray 
to almost white', through pink to almost red. Thia formation is 
quite different from the Lyons as described by Fenneman, espe- 
cially in the fact that it contains the limestone bands, some of 
them very pure. It is also in a different and lower horizon than 
the Lyons. It is possible that the Ingleside should be regarded 
as merely a lithological unit in the Fountain, showing a change 
in conditions of sedimentation, transitional to Lykina conditions. 

STRATIGRAPniC RELATIONS 

The Fountain formation, as a; rule, lies unconformably upon 
the pre-Cambrian rocks, but in a few places it lies upon pre- 
Pennsylvanian rocks. These range in age from Cambrian to 
Mississippian. In no place was it possible to detect angular 
unconformity, from the base of the Fountain to the top of the 
Lyons or Ingleside. The fact that the Ingleside playa out just 
north of Lyons, and that from this point southward there is a 
marked and decided change from the coarser Fountain sediments 
to the finer Lyons, would suggest a possible unconformity, al- 
though the angular difference is so slight, if present at all, as to 
defy detection thus far. But this decided change from Lyons 
southward, coupled with the fact that northward from Lyons 
there is no such abrupt change, and that the contact is hard to 
place, as though sedimentation had been continuous, has for a 
long time given rise to the belief that southward from Lyons we 
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have a alight nnconformitj, as though the sea withdrew from 
this portion of the area for a short time. The Fountain material 
IB such that erosion wonld not be shown nnlesa it were quite 
marked. However, if there is an unconformity here, it is prob- 
ably small and of merely local importance. 

In moat places the contact between the Fountain and the 
Lyons, and in many between the Lyons and Lykins, is clean-cut 
and distinct; but in other places it is quite indistinct, and its 
position is more or less arbitrarily chosen. Field observations 
have shown that the snbdiviaions of the "Red Beds," as made in 
some places, are not the exact equivalent of these divisions as 
made in others. 

At the Wyoming line the Fountain is immediately overlain 
by the Ingleside formation — a series of about 100 feet of hard, 
fine-grained sandstones and limestones of a light-pink color. 
These strata maintain their thickness and lithological character 
to a point a short distance north of the Cache la Poudre Biver. 
From this point south the limestone becomes less and less im- 
portant, and the sandstone proportionately more important ; but 
the series as a whole gradually decreases in thickness, and finally 
disappears a short distance north of Lyons. Immediately over- 
lying this series, at the state line, is a thick shale and sfaaly sand- 
stone series of dark brick-red color. As the basal . portion of this 
series is traced southward, it becomes more and more arenaceous, 
and lighter in color, and numerous thin bands of sandstone ap- 
pear. Of these sandstone bands the most prominent is one that 
appears at the south end of North Table Mountain, north of Owl 
Canyon, where it consists of from 15 to 20 feet of light-colored, 
rather hard, crossbedded sandstone, separated from the Ingle- 
side formation by from 60 to SO feet of red shale and shaly sand- 
stone. At Owl Canyon it decreases to from 6 to 10 feet. Prom 
this point southward this band increases in thickness and ap- 
proaches somewhat closer to the Ingleside formation. Just 
north of Lyons the crossbedded sandstone is abont 50 feet thick, 
and as the quarries are practically all in the upper part of. the 
ridge, this crossbedded band furnishes the bulk of the rock 
quarried. From Owl Canyon southward other sandstone bands 
appear in the shales between the Ingleside formation and the 
crossbedded sandstone just described. Toward the south these 
bands increase in importance, and just north of Lyons they 
occupy practically the entire space between the crossbedded 
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sandBtone above and the hard rock ia coDtact witti the Fountain 
— that iB, what is left of the lagleside formation. To the south 
of Lyons these sandstones and the crossbedded sandstone are 
lithologioall; alike, and togetlier constitute the Lyons, as that 
formation is known south of Bonlder, and no strata correspond- 
ing to the Ingleside are to be found. At the Wyoming line all 
the strata between the Ingleside formation and the Sundance 
are litbologically and stratigraphically a unit, and must there- 
fore be included in the Lykins. Since the sandstone bands which 
unite to form the entire body of the Lyons, at the town of Lyons, 
first appear within these Lykins strata, entirely above the Ingle- 
side formation, and since the Ingleside wedges out at a short 
distance north of Lyons, it is evident that the Lyons formation 
is but a bard sandstone series developed in the basal part of the 
Lykins. It would therefore seem desirable to regard the Lyons 
as a lithological, ratler than a-stratigraphical, unit. Otherwise 
the Lyons must be regarded as merging laterally into the Lykins 
north of the town of Lyons. 

Overlying the Lykins formation between the Wyoming line 
and the Cache la Poudre River is a series of massive sandstones 
from 100 to 150 feet tliirb, the lower two-thirds of which is pink, 
grading to yellow, and the upper one-third yellow to creamy 
white. There as an abrupt find very pronounced lithological 
break between the soft, brick-red Lykins shales and shaly sand- 
stones, and this overlying massive, harder, pink sandstone, but 
no discovered nnconformity, either angular or erosional. This 
abrupt change in sedimentation conditions is wide-spread. No 
unconformity has been noted between the pink, massive sand- 
stone and the yellow sandstone, though there are a lithological 
change, a difference in color and a difference in cross-bedding, 
indicating n change in sedimentation conditions. We have no 
fossils from the pink sandstone and no identifiable specimens 
from the yellow. The yellow portion— upper one-third — is un- 
doubtedly equivalent to Darton's Sundance; and the pink lower 
two-thirds may be also, or may be transitional between Lykins 
and Sundance. I have confined the Sundance in Colorado to the 
yellow upper third, which forms a series of from 25 to 40 feet 
of yellow and white sandstone at the northern Colorado line. 
This gets thinner and thinner southward toward the Cache la 
Pondre, beyond which it ia not found. Hence no Sundance is 
mapped south of that river. If the pink sandstone is regarded 
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as Sundance, it wonld have to be carried to altout the Big Thomp- 
Bon River, west of Loveland.' 

Overlying the Sundance where present, and the Lykins where 
the Sundance is absent, is a aeries of strata containing a fresh- 
water fauna, principally Unios and fresh water a\gte, and these 
are considered of Jurassic age, the equivalent of the Morrisou 
at Morrison. There is an unconformity between the Lyliins and 
ttie Morrison, but it is slight and very difficult to detect, due to 
the character of the beds and the slight difference in dip between 
the strata of the two formations. In fact, in northern Larimer 
County the exact contact of Lykins, Sundance and Morrison is 
bard to place. The basal Morrison varies from sandstone in 
some places to shale, and possibly limestone, in others. There 
is ai marked change in color from the red or brown of the Lykins 
to the yellowish white or ash-gray of the Morrison. In places in 
northern Larimer County the Lykins gradually .gets lighter in 
color, and there is almost a transition from the red Lykins to 
the gray Morrison. 

Within the "Red Beds" there are conditions which suggest 
interrupted deposition, such as the change in character and color 
of the sediments, and the presence of beds of gypsum ; but there 
is no angular unconformity, unless it is the small one noted at 
the top of the Fountain formation, from about the town of Lyons 
southward. North of Lyons there was probably continuous de- 
position, or nearly so, to the end of the Lykins period. 

LOCAL SECTIONS 

Fountain and Inglcside at North Table Moiintain, Larimer 
County, Colorado. — At the Wyoming line there is, at the base of 
the Fountain, a shale horizon containing chert boulders in which 
occur fossils of Mississippian age, identical with those of tlie 

r HenderHOn furnishes (he following note upon this 

BliBht thickneBB of the strala between Butters' Lykins foBsllB, which 
are considered late Carbonlferoua or Permian, and Ihe Morrison, which Is late 
Jurassic or posBtbly Cretaceoua, points emphatlcalJj' to the probability of a non- 
depoBltlon or erosion period or periods during Permian. Trlaaslc and early Jurassic 
time. The most likely place (or such a break appears lo be Just ot the top of the 
Hoft, brick-red Lykins material. My impression In the field was that the massive, 
pink sandstone above Ihls break is much more nearly related to the yellow aand- 
Htone above, which Mr. Butters correlates with the Sundance, than to the under- 
JvlnB brick-red strata. Probably the upper limit of the Lykins should be placed 
at Che top of the brick-red serlea. and the pink sandstone either placed In the 
Sundance, ftr, which Is quite as likely, considered a distinct formation. Aa both 
these massive sandstones, the pink and the yellow, Ihin out and tliially disappear 
In coming southward from Wyoming, and the upper Lykins, as developed farther 
south, seems to belong with the strata In which a late Paleozoic fauna haii been 
found, it Is extremely likely that at least from the Big Thompson southward 
there Is a marked, though not easily discovered, unconformity, representing 
TrlosBlc and early Juraaslo tiAe." 
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Millsap of Perry Park. These chert boulders seem not to hare 
been formed in place, as the; are somewhat rounded themselves, 
and are associated with smaller quartz pebbles, sJso somewhat 
rounded, and feldspar but little altered. Also, the cherl boulders 
contain no foreign material, as the; undoubtedly would if fonned 
where they are now found. If not formed in place, the question 
immediately arises. Where were they formed? A study of the 
Millsap at Perry Park shows a soft, shaly formation, with a hard 
band or bands of cbert. On slight exposure to the elements, the 
soft shale would be easily eroded, without leaving any evidence 
of its presence; but the chert boulders would remain practically 
unaltered. Had there been such a formation at the Wyoming 
line before the Fountain was laid down, and it had been exposed 
to erosion, as would not be impossible when we remember that 
the basal Fountain is a very shallow water deposit, the chert 
boulders would have been left as boulders al6ng the shore. The 
location of the chert boulders is such as to suggest that they were 
deposited in the low places of the slightly undulating sea-floor, 
probably by the action of the tides, waves and shore currents. 
The red iron cement may have been derived from the granites 
direct, or from the shale of the older formations, or both. 

These chert boulders in the base of the Fountain seem to be 
more prominent near the Wyoming line, but in many places the 
acfnal contact with the granite is not exposed. Possibly, if the 
granite contact could be found in other places, remnants of such 
a formation might be found. Farther north, in Wyoming, would 
probably be the better place to look for such remnants, as all 
the formations seem to be better developed northward than 
southward; but, unfortunately, for the first few miles north of 
the Colorado-Wyoming line the contact with the granite is not 
exposed any better than in Colorado. 

This band is exposed in only a few places, and in these very 
poorly. It is probably less than 20 feet in thickness. Above this 
horizon the Fountain consists of a series of irlternating bands 
of conglomerate, arkose, limestone, sandstone and shale, all 
more or less calcareous. There are several bands containing 
fossils of early Pennsylvanian age. Near the top of the ri**— * 
arkose and conglomerate become less and less imports 
limestones and sandstone cap the ridge. These limes 
been called "Lyons," and they are probably equir 
Tensleep of Darton (9). They are equivalent to * 
of the Casper formation of Darton. I have r 
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lugleside formation. The contact between the Ingteside and 
the Fountain is bard to place, but it appears to be at the top of 
the last prominent band of arkose conglomerate, though there are 
bands of sandstone in the Fountain similar to those in the Ingle- 
side. The fossils of the Ingleside are Fennsylvanian, and of prac- 
tically the same species as those of the Fountain. The basal 
Ingleside is a light-colored sandstone, somewhat harder than tht 
rest. Above the Ingleside occur the characteristic Lykius red 
shales and shaly sandstones. The dips in this r^ioa are from. 
■ 10° to 30°, except where increased by local folding. At this 
point there is, if anywhere in the state, continuous deposition 
from the Fountain to the end of the Lykins period. 

Section of Lykint ani Sundance at Seygood Canyon {Sand . 
Creek). — At the contact with the Lykins the Ingleside is a 
creamy sandstone, with but little calcium carbonate. The dip is 
9° southeast. 

Sundance: Feet 

Sandstone — ^yellow, thick-bedded, soft, to basal Morrison 25 

'Lykins: 

Sandstone — light pink, possibly, Sundance 100 

Sandstone — thin-bedded; would make fair flagstones... 15 
Shale — soft, flaky and clayey sandstones, with one white, 

quite thin, limy band 240 

Covered portion— partly thin, flaky, red shales 20 

Shales and shaly sandstones — red, with a: few bands of 

limestone 10 to 12 inches thick 90 

Shales — mottled, red, with bands of white limestone 

from 2 to 6 feet 50 

Shales — soft, red, sandy ; almost a sandstone in places, 
with several white, limy bands up to one foot in 

thickness 40 

Sandstone — light pink; intercalated with grayish, sandy 
limestone, 2 to 8 feet thick, with a band of impure 
red limestone, which grades into a sbaly sandstone 
near the top; this weathers away, leaving the lime- 
stone capping the ridge; fossiliferous 16 

Sandstone — red, massive, thick-bedded, quite soft; inter- 
calated with bands of dark-red clay shale, 3 inches 
to 2 feet thick 135 
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Lykina — Continued Feet 

SandBtone — basal Lykins; a soft, pink, rather friable 
sandBtone, intercalated with a dark-red shale and 
several baods of light-colored, strongly calcareous 
sandstone 85 

Total 7ai 

This is the most complete exposure of the Lykins to be found 
in Colorado, so far as I know. The fossils are few and scattering. ■ 
Bellerophon crasaus and Myalina subquadrata have been identi- 
fied from the fossiliferous horizon about 200 feet from the base. 

Li/kins at Box Elder Canyon and South Table Mountain. — 
The lower part of the Ljkins here is about the same as it was in 
Hejgood Canyon. The fossiliferous band is tbiuuer, more sandy, 
contains more crystallized caicite, and the fossils are in poorer 
condition than they were in Heygood Canyon. The white, limy 
series wtiich was found above the fossil horizon at Heygood Can- 
yon is either missing or represented by a few thin, light-colored 
bands of sandstone and a thin bed of gypsum of limited area. 
There is another bed of g}'psum at the same horizon outcropping, 
in the road north of Table Mountain, not over a mile distant 
from the mouth of Bos Elder Canyon. 

The fold on the north slope of Table Mountain exposes the 
fossiliferous band found in Heygood Canyon. Above this horizon 
thei-e is a bed of gj'psum, which outcrops in the wagon-road, and 
above the gypsum there is a limy series very similar to the limy 
series above' the fossiliferous horizon at Heygood Canyon. This 
is probably the horizon of the "crinkled sandstone" at Boulder. 
The gypsum is in several bands, from 2 to 12 feet thick, separated 
by thin, red shales, the upper bands being about 12 feet thick. 
Above the gj'psum there is a shaly limestone series, some bands 
of which are quite calcareous. About 25 feet above the top of 
the gypsum bed, in the limestone shales, fossils were found, a list 
of which is Inserted on a later page. The upper portion of the 
Lykins is practically all covered, but the band of yellow Sundance 
sandstone is exposed in one area at an elevation of between 400 
feet and 500 feet above the fossil horizon. 

Owl Canyon. — At this point it Is very difficult to separate 
the lugleside from the Fountain. A coarse sandstone, which 
gi-ades into a fine, red sandstone, seems to mark the base of the 
lugleside. Conformably below this, at the top of the Fountain, is 
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a brick-red Bandstone, grading into a sliale toward the top. Next 
below this is a band of arkose. Perliape the top of the Fonntain 
shoald hare been placed at the top of this arkoae, but the in- 
tervening sandstone is soft, while the band now regarded as the 
base of the Ingleside is very hard, almost a quartzite. No matter 
where the line is put, there will be lithologically similar bands 
both above and below it, as there is no abrupt change, but rather 
a gradual tmnsition from the one formation to the other. 

Section of Ingleeide Formation at Owl Canyon.— 

Feet 

Limestone — plnkisji, white, to base of Lykins shale 15 

Sandstone — soft, poorly cemented 12 

Sandstone — pink, thin-bedded, somewhat limy 12—14 

Limestone — mottled, pink and gray 4 

Sandstone— limy, pink 10 — 12 

Sandstone-^Boft, massive 12 — 14 

Sandstone — gray, limy . '. ■. 2 

Sandstone — soft, masBive, red 12 — ^14 

Limestone — lighter-colored, sandy, thin bedded 4 

Sandstone — basal Ingleside formation; hard, thick-bedded, 

limy near the top 25 — 30 

This upper band of limestone burns to a white lime, and is 
quarried at Ingleside by the Great Western Sugar Company for 
nae in itft factories in northern Colorado. Fossils of Pennsyl- 
vaniau age were found about 4 feet from the base of this ujiper 
band. The dip varies from 10° to 12°, and is nearly due east. 

On following southward, the upper four-foot band of lime- 
atone thickens rapidly to about 12' feet, and thins down again as 
rapidly to about 4 feet. This lens-like form is characteristic of 
the limestones. The sandstone bands retain about the same thick- 
ness. At Ingleside there are three bands of limestone, each from 
10 to 14 feet thick. The lowest one is quite Bandy, but the upper- 
most is said to be 99i4 P«r cent pure calcium carbonate. Farther 
south the two lower bftnds have a tendency to become sandy, and 
sandstone layers become interbedded with them to suph extent 
that the pure limestone is reduced to a thickness of about two 
feet. Just south of Ingleside the lower band wedges ont entirely, 
but the other two, although getting much thinner, may be traced 
continuously to within a quarter of a mile of the Cache la Poudre 
River. At this point the ridge is low and makes an abrupt turn 
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to the west. From Ingleside southward the Lykine outcrops io 
a low ridge of very much crossbedded saodstone, which will be 
referred to in the following pages as the "Crossbedded sand- 
stone." It looks very much like the Lyons of Boulder, and it is 
separated from the Ingleside by shales that are identical in char- 
acter with those of the Lykius. On this ground, both the sand- 
stone and the shales below have beciu included in the Lykins 
formation. Just north of the Pondre River the ridge turns west 
for about a quarter of a mile, ^nd then turns again as abruptly 
and resumes its old course, a little east of south. In this bend the 
Ingleside shows practically no limestone, and the ridge it forms is 
no more propiinent than that of the Crossttedded sandstone. 
Above the Crossbedded sandstone the Lykins is not well exposed, 
and only the red shales are visible; probably the upper red sand- 
stone is absent at this point. 

Bellvue, North of the Cache la Poudre River. — The Fountain 
formation is a series of alternating arkose, arkose conglomerates, 
and dark-red, clayey sandstones. The basal Ingleside is a hard, 
thick-bedded, creamy sandstone, with thinner beds near the top. 
It contains one band of sandy limestone, 6 feet to 8 feet thick. 
The uppermost member of the formation is a beavy-bedded sand 
stone. Between the Ingleside ridge and the Crossbedded sand- 
stone ridge a valley has been cut in the Lykins red shale. The 
Crossbedded sandstone is 15 to 20 feet thick. Above this in one 
place, and separated from it by a few feet of shales, is a small 
bed of gypsum. Above this gypsum there are 3 to i feet of lime- 
stone. This sequence of beds suggests the section north of Table 
Mountain, but the strata at this point are non-fossil iferons. A 
few cherty concretions occur in one layer nearer the base. 

Bellvue, South of the Cache la Poudre River,— The Ingle- 
side is about the same as it was north of the river, but is perhaps 
somewhat darker in color and contains two narrow bands of 
white, sandy limestone. Above the Ingleside are the red shales 
and the Crossbedded sandstone of the Lykins. The latter forms 
a ridge fully as prominent as that of the, Ingleside. Above the 
Crossbedded sandstone the red shales contain one limestone 
band. At this place most of the quarries are in the Ingleside, 
but there is one in the Crossbedded sandstone of the Lykins. 
Most of the rock is not well cemented and is too soft for a good 
building stone. It is also quite likely to be irregular in hardness. 

Boutb of Bellvue the Crossbedded sandstone approaches 
nearer and nearer to the Ingleside, the shales between become 
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more and more sandj, and in places true sandstone occurs in 
narrow bands, which resemble both the Ingleside below and the 
CroBsbedded above. About ten miles south of Bellvue one of 
these sandstone bands becomes so prominent as to form a small 
ridge between the Ingleside and the Crossbedded sandstone. The 
upper portion of the Ljkins is red shales and sandstone, and 
the uppermost band grades from red through pink to yellow and 
white. The upper jellow to white sandstone at this point maj 
represent Sundance, but the correlation is uncertain, and the 
exposure so limited in thickness and extent that it is considered 
Lykius. Through this area there is usually no limestone, but due 
west of Fort Collins the Ingleside contains two lens-like bands 
of limestone. ' The Crossbedded sandstone at this point looks 
more like the Boulder Lyons than does the Ingleside. South of 
this point all the quarries are in the Crossbedded sandstone, as 
the Ingleside is in thin, irregular bands. 

Stout. — The Fountain is a series of arkose, conglomerates, 
dark-red shales, and sandstones. The Ingleside is somewhat 
thinner and contains no limestone ba-nds. The Crossbedded 
Lykins is closer to the Ingleside. North of Stout there is a aeries 
of calcareous strata in the Lykins, separated from the Cross- 
Itedded sandstone by from 30 to 40 feet of shales. These bands, 
which make a slight ridge, are in about the same horizon as the 
Crinkled sandstone of Boulder, and consist of about 50 to 60 
feet of thin limestones, shales and sandstones. And in the basal 
member, which is an impure limestone, fossils are found. This 
series appears to be a local development, as it extends but a 
short distance north and south. Some of the bands of limestone 
in this series reach a thickness of 3 feet, but no fossils were 
found above the basal member. All the Ingleside stone is clayey, 
and chert occurs in one band. 

The Crossbedded sandstone is abont 50 feet thick, and all 
except the upper 10 or 12 feet is rather heavy-bedded, and cross- 
bedding is prominent throughout. Below the Crossbedded sand- 
stone there are about 100 feet of alternating sandstones and shales, 
with sandstones predominating. At the base there is a very per- 
sistent band of red shale, which makes it possible to separate 
the Lykins from the Ingleside. In the Ingleside the two cal- 
careous bands are still present, but they would be more suitably 
described as calcareous sandstones. Dr. O. H. Girty identified 
Myalina wyomingenais and Myalina perattenuata from the fos- 
siliferona horizon in the fossil beds in the Lykins from Stout. 
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South of Stout the calcareouB shales are present above the 
Croesbedded sandstone, but contain no fossils. A small bed of 
gj'psum was noticed in one place. The limestone has been bnrned 
for lime, but must have made a poor lime on account of the high 
content of clayey material. This limy series is nndoubtedly the 
Crinkled sandstone horizon of the Boulder quadrangle. The 
Inglesideand the Crossbedded sandstone of the Lykins may be 
traced continuously as distinct formations as far sontb as the 
Big Fold west of Loveland. In this Bip; Fold the Lykins contains 
good gypsum in a bed 25 to 30 feet thick. 

Sfasonville. — ^At Masonville the Fountain is very similar to 
the Boulder Fountain, and consists of a series of arkose, con- 
glomerates, micaceous sandstones, and shales. The Ingleside is 
less than 100 feet thick and consists of rather bard, thin, cross- 
bedded, pink-to-red .sandstone. It becomes more and more like 
the Lykins below the Crossbedded sandstone, which is here about 
80 feet thick. The basal Lykins is the dark, brick-red shale 
which has been so peniistent. At this point it is from 3 to 10 
feet In thickness, and considerably harder than it was at Owl 
Canyon. This is probably due to the metamorphism caused by 
the folding. The Crossbedded sandstone is about 50 feet thick, 
forms a more prominent ridge than the Ingleside, and contains 
all the quarries. Above the Crossbedded sandstone the Lykins 
shales are not well exposed. 

Arftins.— The quarries at Arkins are in a ridge of the Cross- 
bedded Lykins, while that portion of the formation below the 
quarry ridge forms a slope into a shallow gulch. Just a little 
north of the Big Thompson River there are three low ridges. 
From west to east the first one is the Ingleside ridge, the third 
one is the Crossbedded sandstone ridge, while the one between 
is in the Lykins below the Crossbedded sandstone. Just north 
of the Estea I'ark stage-road occurs the first Crinkled sandstone 
which shows the characteristic crinkling. It is very calcareous, 
and contains a band of good limestone, from 2 to 8 feet thick. 
There are 30 feet of red shales separating it from the Crossbedded 
sandstone, which is cream -colored and from 30 to 40 feet thick. 
The Ingleside is about 60 feet thick and harder, better cemented 
and thicker than it has been, more nearly resenihling the Boulder 
Lyons, 

Cottomood Crccfc.— The Fountain is about the same as at 
Masonville, and near the top there is a band of limestone. The 
Ingleside is about' 60 feet thick, and is a thin, crossbedded, light- 
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pink sandstone. The material is so diflferent from tUat of the 
Fountain that the point of contact is easy to determine. Above 
the Ingleside there are from 25 to 30 feet of alternating shales 
and sandstones, of the lower portion of the Lykins. The shales 
are mottled red and white, and there is a thin band of mottled 
shale just below the Croasbedded sandstone. The Crossbeddcd 
is from 30 to 40 feet thick. Above it the Lykins is covered. 

Carter Lake, — A cross-section shows two ridges, one capped 
with the Crossbedded sandstone, the other by sandstone of the 
lower portion of the Lykins, The top of the Fountain is a heavy- 
bedded arkose, which is followed by abont 12 feet of thin-bedded, 
pink, very much crossbedded sandstone. This is all that is left 
of the Ingleside, as above it there is the band of red shale which 
has been found so persistently at the base of the Lykins. Above 
this band is a seri«8 of sandstones, with a few thin shale bands 
near the base, some of the sandstone containing a little feldspar 
and mica. The Crossbedded sandstone is v^ry hard and varies 
from creamy white to a yellowish brown on the^weathered sur- 
face. This is undoubtedly the horizon that is quarried at Lyona. 
In no place are there quarries in a horizon as low as the Ingleside. 
Above the Crossbedded Lykins from 30 to 40 feet is the Crinkled 
sandstone, which is quite limy, one bed of from 2 to 3 feet being 
a good limestone. One noticeable thing about this section is the 
thinning-out .of the Ingleside from 60 feet at Cottonwood Creek 
down to 12 feet here; but it was noticed in following down that 
the Ingleside rapidly gets thinner, while the lower Lykins holds 
its thickness and becomes relatively more important. 

Town of Lyons. — The Fountain is thicker than at points 
farther north, with increased hardness, due probably to the 
movement and pressure of folding. Some bands of sandstone in 
the Fountain look very much like bands in the Ingleside. The 
top of the Fountain is a variegated red and white, fine-grained 
arkose, below which there is a band of limestone 1 to 1% feet 
thick. This contains jravities filled with calcite crj-stals, which 
may possibly result from replacement of fossils. The lower 
portion of the Ingleside is a hard, thin-bedded, creamy sand- 
stone. Following this is thin-bedded sandstone, which is being 
quarried for flagstone. It is practically impossible to separate 
the Ingleside, if present, from the Crossbedded sandstone and 
the lower portion of the Lykins below the Crossbedded, because 
of the change, due to pressure and movement of folding. Prob- 
ably, if Ingleside is present here at all, it is represented by the 
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lower 6 to 8 feet, and the remaiDder is in the same horizon as 
the lower portion of the Lykios. The quarries here at Lyons axe 
undoubtedly in the horizon of the Croeabedded Ljkina, with 
perhaps one or two in that portion of the Ljkias below the Cross- 
bedded sandstone. From this point southward this whole series 
will be called the Ljous; that is, the Ingleside, if present, and 
the Crossbedded sandstone, taken together; thus following Fenne- 
man's nomenclature. 

Lefthand Crevk. — At this point there is a band of hard, red 
sandstone from C to 8 feet thick at the base of the Lyons, followed 
upward by from 8 to 12 feet of sandstone, which contains so much 
feldspar that it approaches a fine-grained arkose in character. 
Above this there are 60 to 70 feet of massive, creamy sandstone, 
having a pink tinge in places. Above this and below the Crinkled 
sandstone there is an intrusion of mica dacite into the shales. 
I'ossibly the two lower members which were put into the Lyons 
should have been ^ placed jn the Fountain, but at Lyons 
there are similar bands having the same rougji, irr^ular manner 
of weathering and the same crossbedding, and there they belong 
to the base of the Lyons. 

Bear Canyon (Near Boulder).— -The Fountain is a thick and 
bard, high, jagged ridge, including the "Flatirons." In contact 
with the arkose of the Fountain are more than 100 feet of rather 
heavy-bedded, creamy sandstone. This represents all the sedi- 
ments from the top of the Crossbedded liykins to the top of the 
Fountain, and since it is impossible to make any subdivisions, it 
will all be regarded as Lyons. There are about 30 feet of soft, 
red shales above the Lyons, and then follow 12 to 15 feet of 
Crinkled sandstone. Above tliis the Lykins formation is covered 
with wash. 

Ralston Cnck. — The Fountain formation is very thick north 
of Ualston Creek, Ralston Peak l)eing practically all Fountain, 
while south of the creek it is quite thin. The P'ountain is con- 
siderably altered here and niueli resembles granite, and, weie it 
not for large, rounded pebbles, particularly pebbles of white 
quartz, it might easily be mistaken for granite. The Lyons is 
quite thick, pink in color, and is capped with a band of thin, 
Crossbedded sandstone. It is hard to determine the contact be- 
tween Fountain and Lyons, but probably it should be placed at 
the top of the last band of arkose. The Lykins is exposed in only 
a few small patches, and is recognized by the Crinkled sandstone 
horizon. 
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Morrison. — The Fouotain, known locally as the "Old Bed 
Rocks," is at least 500 feet thick, and is characterized by a jagged 
ridge, in which occur several triangular blocks of strata, known 
as "Flatirons." The Lyons is represented by about 200 feet of 
light, .yellowish -gray, rather soft sandstone, of which the upper 
20 to 30 feet show considerable crossbedding. Above this are 30 
to 40 feet of soft, red Lykins shales ; then 8 to 10 feet of rather 
limy, Crinkled sandstone, in places showing 2 feet of good lime- 
stone. No fossils were found, but there is much calcite in small 
cavities, which may be the remains of fossils. Above the Crinkled 
sandstone there are 150 to 200 feet of soft, red shales. The con- 
tact with the Morrison is not exposed. 

Turkey Creek. — Turkey Creek is a few miles south of Morri- 
son. The formations are about the same, but the Fountain and 
Lyons are thinner and do not make such a prominent ridge. The 
Lykins shales are a little thinner below the Crinkled sandstone, 
which occurs in two bands, separated by from 12 to 15 feet of red 
shale. The lower band is about 3 feet thick, and the upper 8 to 10 
feet. There are less than 100 feet of Lykins shales to the base of 
the Morrison. Kear the top of the Lykins there is locally a bed 
of yellow sandstone, not unlike that in northern Larimer County. 
The Morrison is fairly well exposed, and consists of a shale series, 
interrupted by hard bands of limestone and sandstone. A thin 
bed of gypsum occurs toward the top of these shales. 

Deer Creek. — Conditions are similar to those at Turkey 
Creek. The Fountain is thicker but softer, and the Lyons is the 
ridge-maker. The Crinkled sandstone of the Lykins is in two 
bands, separated by 12 to 14 feet of shales. The lower half of 
the upper band is a fairly good limestone, but the upper half 
is a calcareous shale. 

■ Indian Creek. — The Fountain is quite thick, and is. exposed 
in several saw-toothed ridges. The Lyons is about 75 feet thick, 
and about 30 feet of shales intervene between it and the Crinkled 
sandstone, which is in two bands— the lower 3 to 5 feet thick, and 
the upper 8 to 10 feet. No fossils were found, but small cavities 
filled with calcite suggest that possibly fossils were once present:. 
All higher formations up to the Dakota are covered by alluvium. 

Perry Park. — The Fountain is thick, and consists of alter- 
nating hard and soft bands, which result in the formation of 
saw-tooth ridges and intervening valleys. The Lyons is also 
quite thick, and varies in color from red to white, but is usually 
cream-colored. The exact contact of the Lyons with the Foun- 
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tain is hard to determine. Above tJie Lyons are from 20 to 30 
feet' of soft, red shales, followed by the Crinkled sandstone in 
two bands, of whith the lower is calcareous. About one-quarter 
of a mile south of the lake in Perry Park fossils were found io 
a band about 6 inches thick near the base of the Crinkled sand- 
stone. In the upper portion of the Lykins there Is a bed of 
gypaum, 40 to SO feet thick, which is overlain by limestone re- 
sembling the Morrison. The following fossils, identified by Dr. 
G. H. Girty, were found in this fossiliferoua horizon: 

Myallna nromlngenals. 

Myall Dft perattenuata. 

Alula equamullfera. 

Alula gllbertl (?) 
' PleurophoniB ap. 

Colorado Springa between Fountain Creek and Bear Creek. — 
The basal sedimentaries are covered. The lowest member exposed 
is the red conglomerate, followed by a brick-red sandstone in 
alternating hard and soft bands. Above this is a pink, cross- 
bedded sandstone, undoubtedly Lyons, but it is difficult to set it 
off definitely from the Fountain. This is followed by 30 to 50 
feet of soft, rod Lykins shales, containing the Crinkled sand- 
stone near the fop. The Crinkled sandstone here is from 8 to 
10 feet thick. The lower half is a good limestone, but the upper 
half is clayey. The Morrison is not well exposed, 

Reticecn ihe Arhansas Rieor and the Kcw Mexico Line. — 
There is no exposure which can be assigned to the Lykins, onless 
it is the upper part of Hills' Bndito formation in Red Canyon, 
just north of Badito. These sediments are lithologically similar 
to the Lykins shales, but there is no Crinkled sandstone horizon. 
They are finer-grained than the lower part of the Badito forma- 
tion, but much brighter red in color than the rest of the Badito. 
or any other formation along the entire Front Range. No fossils 
were found in the formation. 

The slopes of the Sangre de Cristo Mountains on the western 
side of Huerfano Park were not studied. In many places south 
at the Arkansas River the Dakota sediments lap over onto the 
granite. The larger portion of the coimtry is rather heavily 
timbered and deeply covered with wash, and is hard to work. 

Red Canyion TiOrtk of Badito.^The base of the Badito forma- 
tion is not exposed, but there are 300 to 400 feet of arkose and 
conglomerates which are identical in appearance with the Foun- 
tain. As the area is so isolated from the known Fountain areas. 
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positive correlatiob was not attempted. There are no Bedimeots 
corresponding in lithological character to the Ljons, and if tlat 
formation is represented, it is by sediments of a different char- 
acter. Above the upper band of arkose there are aboat 75 feet 
of bright-red shales and clayey sandstones, resting apparently 
conformably upon the arliose. Following this are 15 to 20 feet 
of a lighter-colored sandstone, similar to one in the northern 
part of Larimer County in the Lykina formation. Following 
this are 40 to 50 feet of red sandstone, some bands of which are 
quite hard. The red shales become mottled near the top. Above 
this there are twnds of purple, shaly sandstone, alternating with 
layers of calclte from 1 to 6 inches thick. At the top there are 
12 to 15 feet of soft, yellowish sandstone. The dip is about 36° 
east. If this series represents the Lykina,it Is much thicker 
than is usual in central Colorado, and is comparable to the Ingle- 
side and Lykins of Northern Larimer County. It very much 
resembles the Ingleside of Larimer County. 

Six Miles Northuxat of Badito. — This exposure is on the west- 
em side of the ridge, 2 or 3 milea due west of Red Canyon. The 
conditions are similar to those in Bed Canyon. The Lykins ( ?) is 
all red shales and sandstone, with no light-colored bands. It is 
much harder to separate it from the rest of the Badito forma- 
tion than it was in Red Canyon. The base of the Badito is ex- 
posed, .and the lower part consists of 400 to 500 feet of sediments. 
The lowest member is a very coarse conglomerate, containing 
gneissoid and granitic boulders up to 2 feet in diameter and not 
well cemented together. It lies with angular unconformity upon 
the pre-Cambrian rocks. Above the conglomerates are arkose and 
other bands of conglomerate, not nearly so coarse and much bet- 
ter cemented than the basal band. Following this are the red 
shales and sandstones of the Lykins (?). The pre-Canibrian 
rocks show their sedimentary origin much better than usual,. 

AGE AND COBRELATION OF THE LYKINS 

Age. — The "Red Beds" in northern Larimer County are very 
thick, and probably present quite the most complete record to 
be found on the eastern slope in Colorado. The Mississippian 
period is represented by a thin band of chert in a dark-red shale 
formation in Perry Park, Overlying the Mississippian or older 
formations is the Fountain series, considered equivalent to the 
Hermosa formation, containing a Pennsylvania fauna. Overlying 
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the FouDtain in the northern part of the state is a series of lime- 
Btsnes and sandstones (thelngleBide), which Prof essor Henderson 
in his report correlates provisionallj with the Lyons of Fenneman ; 
but the present work has shown that the series at Box Elder Greek 
represents at best only the horizon of the lower part of Fenneman's 
Lyons, and is possibly entirely below it. This series contains 
Pennsylvania fossils at several horizons. One sach horizon is at 
the very top. Professor Henderson is now inclined to the view 
that the Ingleside is below the Lyons. Overlying this is the Lybins 
formation, and at one horizon about 200 feet from the base, at 
Heygood and Box Elder Canyons, Bellerophon craaaua and 
Myalina aubguadrata were found. The same species are found in 
the Fountain and Ingleside below. On this evidence, together 
with the fact that- there is no angular unconformity, and no 
marked difFerence of lithological character, this basal portion of 
the Lykins is assigned to the Penusylvanian period. On the 
northern slope of Table Mountain, Larimer County, 40 to 60 feet 
higher than the lower fossiliferous stratum, and separated from 
it by a. gj'psiferous series, another fossiliferous stratum occurs. 
This is probably more than 300 feet from the top of the Lykins 
formation, and seems to be in the same stratigraphic position as 
the fossiliferous beds near &tout, and also those in the Crinkled 
sandstone near Perry Park. At Stout, and also at Table Moun- 
tain, the "crinkly" structure is not present. From this horizon 
Dr. G. H. Girty identified the following fossils: 

From Table Mountain : 
My alt Da wyomlngenBlB 
Myallna peratteiiuata 
Alula Bquamullfera 
MurchlBonia butterBi 



Myalina wyomlngensla 
HyallDB perattenuata 

From Perry Park : 

Myalina wyomlngenala 
Myalina perattenuata 
Alula Bquamullfera 
Alula gllberti (?) 
Pleurophorue ep. 

This fauna has been recently discussed, Alula squamulifera 
and Murchisonia iutterai described as new, and Alleriama (Pleu- 
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rophorellat) gilberti removed to the new geaus Alula, by Dr. Girtj 
(18a). 

It viU be seen that the fanaas are easeoiiully the same, and 
while Borne of the species are new, the number of koown forms 
is such that l>r. G. H. Girty believes a tentative correlation with 
the flico formation of the San Jnan r^on is justifiable. The Her- 
mes^ iB Pennsylvanian, while the Rico is considered, tentatively, 
Permian. This leaves 100 to 400 feet of shales to represent the 
Permian or the remainder of the Permian, the Triaasic, and all 
the Jurassic up to the Morrison, These sediments are usually a 
soft, red shale or shaly sandstone, and the conditions of deposition 
were apparently unfavorable for the preservation of toaa'tl evi- 
dence. 

There seems to be no angular unconformity between Lykins 
and Sundance, or between Sundance and Morrison, or between 
Lykins and Morrison where the Sundance is absent. The charac- 
ter of the Lykins is such that erosional unconformity would be 
very difficult to detect, but the Sundance should show erosion, 
if it occurred. Of course, it is quite possible that the Sundance 
is rather local and never occurred where it is not now found. 

- There seem to be more sediments above the Crinkled sand- 
stone in the northern part of the state than there are in the cen- 
tral and southern parts. In fact, the best section of the Lykins 
in the state is found in northern Larimer County, and it is pos- 
sible that over the line in Wyoming an even more complete sec- 
tion might be found. Triassic vertebrate remains arc reported by 
Williston about 200 feet from the top of the "Red Beds" from the 
Popo Agie River, which is east of Lander (31). If these "Red 
Beds" can be correlated with those of Colorado, and the identifica- 
tion is correct, possibly the Triassic may be' represented in north- 
ern Larimer County. The conditions seem to show that, from the 
Wyoming line south, there was either less and less deposition, 
or more and more subsequent erosion. It seems probable that, 
if it is possible to work out the age of the upper part of the 
Lykins, it must be done in Wyoming. 

Correlations. — The correlation of the Fountain, Ingleside, 
Lyons and Lykins along the foothills from the Wyoming line to 
Colorado Springs is a question of recognizing the same forma- 
tion under different names. This has been discussed under the 
paragraphs headed "Formation Names." Thus the Fountain of 
Fenneman in the Boulder quadrangle is equivalent to the lower 
part of the Fountain of Cross in the Pikes Peak area. The 
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Foantain, lugleside and Ljona together are equivalent to the ' 
Lower Wyoming of the Denver Basin area. The Ljkins is equiv- 
alent to the Chugwater of Dftrton and the Upper Wyoming of 
Emmons. The upper portion of the Fountain and the Ingleaide 
together are equivalent to Darton's Casper formation. The 
Lyons is equivalent to the Creamy sandstone of tbe'Deaver Basin 
area, but Darton's Tensleep is not the equivalent of the Lyons 
and the Creamy sandstone. It is a lower horizon, and can be 
correlated only with the lower portion of the Lyons, and also the 
Ingleside. An explanation of this requires a description of 
conditions in northern Colorado. This has been made under 
''Formation Xames." Darton's Tensleep in Colorado is probably 
in part equivalent to the sandstone-limestone series; that is, the 
Ingles ide formation. 

Owing to the absence of fossil evidence in the Badito forma- 
tion, and from the fact that it is separated so widely from any 
recognized Fountain exposures, it has not been definitely cor- 
related with the Fountain. Lithologically they are very similar, 
and the Badito overlies pre-Cambrian rocks unconformably, bear- 
ing about the same relation to overlying formations as does the 
Fountain. On these grounds they are at least approximately 
in the same horizon. 

The Cutter formation is defined as that portion of the "Bed 
Beds" lying above the Kico, where that is present, or otherwise 
as succeeding the Hermoaa, and below the Dolores. The Cutler 
is assigned to the Permian purely on stratigraphic grqunds, and 
is separated from the Rico by a purely arbitrary line. There 
seems to be as good ground for assigning the Lykine, above the 
Crinkled sandstone, or at least the lower portion of it, to the 
Permian, and thus correlating it with the Cutler. 

Above the Cutler formation in the San Juan region is a 
series of sandstones, sandy shales and conglomerates which vary 
in thickness from 800 to 400 feet, and from that down to 30 feet 
at the San Miguel River, disappearing entirely north of this 
river. These shales and sandstones are a bright vermilion in 
color, and are known as the Dolores formation. They are as- 
signed to the Triassic age because of scanty, but wide-spread, 
vertebrate, invertebrate and plant remains. The extreme upper 
portion of the Ljkins in Larimer County may be equivalent to 
the Dolores, and thus be Triassic. If so, it is impossible to draw 
a line between the Permian and Triassic in eastern Colorado. 



■d^yCoogle 



FX)0THILL8 OF THE ROCKr MOUNTAINS IN COLORADO 87 

Dr. Oirty, in Professional Paper Ko. 16, in his correlation 
says that "the evidence seems to show that the lower Pennsjlva- 
nian deposits of the San Juan, Crested Butte and Leadville areas 
are esHeDtiall; synch ronons.'' 

There seems to be sufficient evidence for the belief that the 
Fountain also was laid down at this time. 

The following is a partial list of fossils identified from the 
"Red Beds" of the Front Range : 
From the Fountain : 

Manitou region : 

Orblculoldea manhattaneaals 
Margialfera Ingrata 

Livemiore quadrangle : 

ChaeteteB mllllporaceouB 
Derbya n. Bp. 
Meekella atriatlcoatata 
FroductuB nebraakenBlB 
Splrlfer rocky mountanus 
Squamularla perpleza 
Ambocoella sp. 
Compoelta eubtlllta 
Uyallna Bwa]]owl 
Myall na subquadrata 
Bellerophon crasBus 
Nautilus Bp. 
PbimpBla aff, major 

From the Ingleside (Lyons of Professor Henderson) : 
Livermore quadrangle : 
Myallna Bubquadrata 
HyaKna avlculoldeB 
Bellerophon crasaus 
Meekella Btrlaticostata 
Productus cora 
Loxonema sp. 

From the Lykins: 
Lower horizon : 

Hyallna subquadrata 
Bellerophon crasBus 

Upper horizon, identtflf d by Dr. G. H, Girty : 

Myallna wyomlngeneU ', 

Myallna peratteauata 

Alula squamuilFera 

Alula gilbert! (?) 

Pleuropborus sp. 

Murcblaonla 
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Of the LykiDS fossils all except Alula squamulifera and Mur- 
chi80niabutter8i,whicli are new B]}eciCB, and Alula gilberti (t) are 
found in the Rico formation of the Ban Juan region. Girty re- 
ports about thirtj-aftven species from the Kico. Of these, Bcllero- 
phon cragaus and Myalina subquadrata, and others, also occur in 
the Hemiosa. It will be noticed bv the list of the Lykius fossils 
that these two occur at a different and lower horizon in the Ljking 
than the remainder. This rather strengthens the correlation of 
the Lykins with the Rico. Bcilcrophon crasaus and Myalina aub- 
quadrata are found in the Hermosa and other Pennsylvanian hori- 
zons lower than the Rico, Pleuropkorua aubcoatatua and Pleuro- 
phorua occidcntalis occur in several localities, but it is by no 
means certain that the Plettrophoroua of the l^ykins belongs to 
either one of these species, A doubtful identification of Myalina 
wyomingenaia has been made from Leadville, With these possi- 
ble exceptions, none of the Lykins fossils have beeu reported by 
Girty from any formations in Colorado other than the Rico. In 
summarizing, it >vill be seen that there is fairly good evidence for 
correlating the Lykins with the Kico, and no evidence for corre- 
lating it with any other horizon. The Lykins fossils were col- 
lected from localities a long distance apart — from the extreme 
northern part of Larimer iCounty in the north, to Perry Park 
in El Paso County in central Colorado — so that the Lykina ap- 
pears to be more widely distributed than the Rico. 

On comparing the Fountain fauna with that of the Ingle- 
side formation in the northern part of the state, it will be seen 
that, with one or two exceptions, all the fossils reported in the 
Ingleside are reported from the Fountain, so that they will be 
considered together, thus treating this series as If it were merely 
the upper portion of the Fountain, which in reality it is, as it 
is exceedingly difficult to draw a line between them in many 
places, on either lithological or structural grounds. Myalina sub- 
quadrata and BcUerophon crassus^species common to both this 
series and the Fountain — are also found in the lower part of the 
Lykins formation in northern Larimer County. 

On examination of the fossils in the various localities, it will 
be noticed that those in common are the ones that are most fre- 
quently met with in the Fountain, and those which differ are 
those which are not so frequently met with, or are in such poor 
condition that genera only could be determined. When it is re- 
membered that many of the localities were on opjiosite sides of 
the then existing land area, and hence were more or less isolated 
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from one another, the correlation becomes more noteworthy- 
There seems to be enough evidence to correlate the Fountain, In- 
gleside and Lyona with the Herraosa, If this correlation is 
accepted, the correlation of the Fountain with the Maroon flf 
Crested Butte and the Weber of Leadville follows from Dr. Girty's 
correlation (15). 

Section No, I is just north of Tal)le Mountain, in northern 
Larimer County. This section shows the Fountain compara- 
tively thin, beiug only about 500 feet, but probably complete, as 
a good deal of the formation is flner-grained sandstone, sandy 
limestone, and shale in contact with the coarser arkose and con- 
glomerates which represent a greater part of the formation in 
those places farther south where it is thicker. In this section 
the Fonntain shows conglomerates containing chert and other 
boulders at the base, and arkose higher up. Nearly all the strata, ■ 
even the couglomerates and arkose, carry lime in varying quan- 
tities. The Ingleside consists of about 125 feet of fine-grained 
limestone. There appears to have been continuous, or nearly 
continuous, deposition from the basal Fountain to the top of the 
Ingleside, and it is difficult to separate the two formations. The 
Lykins is 791 feet thick, and shows the most complete section 
of this formation to be found in. Colorado. It is composed of 
fine, brich-red shales and shaly sandstones, with a few bands of 
sandy or shaly limestones, some of which contain fossils. The 
lo*er fossiliferous band is about 200 feet from the base. The 
upper is from 75 to 100 feet higher, and is separated from the 
lower by the characteristic red shales and a thin bed of gypsum. 
The top of the Lykius is a massive, red sandstone, containing 
more or less clay in tbe lower part. It varies in color from 
brick-red to pink, to the yellow of the Sundance. 

Geologists who have worked in this region have regarded 
the gray strata as the basal part of the Morrison, but a study 
of the section shows no evidence of an unconformity, and as there 
is no fossil evidence to aid in placing the contact, one naturally 
looks for the most important lithological change as tbe most 
natural place for the contact of the two formations. This is the 
change from the massive, white-to-yellow sandstone of the Sun- 
dance, to the fine, gray-to-drab, flaky shales. There are, however, 
thin bands of similar white sandstone at various horizons in the 
shales. It is possible that farther south one of these bands may 
thicken and form the basal member of the Morrison as it occurs 
at Boulder. If it is assumed that the basal part of the Morrison 
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in northeiii Larimer Connty is the massive, white-to-gray sand- 
stone, it is extremely diflScult t6 fix upon the coatacf between 
this formation and the Sundance. 

Section No. 11 is north of Owl Canyon and about 15 miles 
south of Section Ko. I. In this section the Fountain is a little 
thicker and contains less- lime in the lower part; The Ingleside 
is of about the same character and maintains a thickness of 
about 125 feet. The calcareous bands of the Lykins are thinner 
and more clayey, and no fossils were found in them. The Sun- 
dance is thinner, from 10 to 15 feet, and often absent. About 
100 feet above the top of the Ingleside an inconspicuoas band 
of light-colored, much Crossbedded sandstone appears in the 
shale, and thickens southward to about 6 feet, forming a low 
ridge. From this point south it gradually attains a maximum 
thickness of about 70 feet. This band can be tra-ced continuously 
to Lyons, where it forms the top of the Lyons formation. The 
Lykins below this band becomes more and more sandy toward 
the south, and at Lyons it has become so much like the Cross- 
bedded sandstone that it is practically impossible to separate the 
two. The Lykins at this point is about 525 feet thick. 

Section No. Ill is at Stout, about 18 miles south of Section 
No. II. In this section the Fountain has thickened to about 900 
feet, and there is more arkose and conglomerate and less lime- 
atone. The Ingleside is thinner and contains less lime, the thin- 
ning-out being due apparently to the wedging-ont of the lime- 
stone members, as the sandstone maintains about its normal 
thickness. The Lykins also is somewhat thinner. The Cross- 
bedded sandstone is abont 50 feet thick. I have discontinued 
the line separating the Crossbedded sandstone from the lower 
Lykins sandstone between Sections Nos. Ill and IV, because at 
Section No. IV there is no way of distinguishing the contact; all 
that can be said of Section No, IV is that the upper portion is 
Crossbedded sandstone. Otherwise they are lithologically alike. 
From 30 to 40 feet above the Crossbedded sandstone, at Stont, 
there is a limy series 50 to 60 feet thick, consisting of sandy oc 
clayey limestone bands, with shale between. Fossils were found 
at the base of the lower limestone band. 

Section No. IV is a few miles north of Lyons. The forma- 
tion is about the same as at Stout. The Ingleside wedges out. 
At this point it is no longer pt^sible to separate the Crossbedded 
sandstone from the lower Lykins sandstone. This may be in part 
due to the sharp folding, which seems to have somewhat modified 
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the lithological character of the formation. About 30 feet above 
the CroBsbedded sandstoiie there are calcareous beds, 20 to 30 
feet thick, consisting of sandj limestone and shale. The saady 
limestone members show that peculiar wav; lamination which 
characterizes Fennenian's Crinkled sandstone of the Boulder 
area. 

Section No. V is at Four Mile Canron, abont 3^2 miles north 
of Boulder. The thickness of the Fountain, 1,500 feet, is greater 
than at an; point in the northern part of the state. The thickness 
which the Lyons has attained at this point, 297 feet, is exceeded 
only at the town of Lyons, where the compression accompanying 
folding may have thickened the beds. At the point where this 
section is taken the formation is of coarse texture and more 
sandy.' The measurements in this section are taken from Bulle- 
tin No. 265, United States Geological Survey. 
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